Section 3

SECONDARY DATA ANALYSIS OF VISIBILITY EFFECTS
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3.1 OVERVIEW of SECTION 3

Section 3 is a related group of studies of the role of visual air quality
in particular household activities. Swinmng, Hancock Tower visitation, and
basebal | attendance represent active and passive outdoor recreation. Studies
of vieworiented residences explore the relationship between view and visual
air quality at the household residence. Auto and air traffic studies inves-
tigate the inportance of visual air quality in basically non-recreational outdoor
activities. Finally, the study of TV viewi ng establishes the role of visua
air quality in influencing the choice between indoor and outdoor recreation.

These studies conplenment the contigent valuation work of Section 2 in
several ways. First of all, the studies of Section 3 all pertain to parti-
cular markets, such as baseball attendance or TV view ng, whereas contingent
valuation estimates total visibility value irrespective of the uses to which
they are put. In each case the individual narket studies denmonstrated that
people reveal an inplicit willingness to pay for visibility inprovement.
| deal |y, aggregate visibility benefits would be determned by both methods
and compared in order to validate the results. Wile this is not feasible,
neverthel ess a judgment can be made concerning the plausability of the
partial conparison that is possible.

Secondly, the value of visiblity inprovements in these papers are esti-
nmated from historical records of conpleted activities. For exanple, the value
of a one mle average inprovenment in visual range is estimated to be worth
about 3 cents per person in attendance, including approximately 10,000 addi-
tional persons who would attend under the better visibility conditions. This
result is derived fromrecorded time series information on attendance al ong
with visibility and a nunber of other variables that effect attendance. People
reveal the dollar value of their preference for visibility by their behavior in

the face of actual visibility change .
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Thirdly, the underlying theory of visibility valuation is the sane for
the market studies of Section 3 and the CV work of Section 2. The nodeling
and enpirical estimation are quite different. Neverthel ess, the conmon theo-
retical basis makes the two enpirical approaches conplinmentary. Evidence
that results are consistent strengthens our confidence in the results as well
as the methods that have been devel oped to obtain them The Hancock Tower
study in 3.3 provides inportant directly conparabl e evidence concerning
the two enpirical approaches. The conclusion is that the hypothesis of a

statistically significant difference between themis rejected.
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3.2 QUTDOOCR RECREATI ON

3.2.1 Swinming

Swinming is one of the major sunmertime recreational activities
available in the Chicago metropolitan area. Wth nunerous beaches and
over one hundred pools, the Chicago Park District alone has an annual
attendance of many mllions. Unfortunately for this analysis, adnission
to Chicago facilities is without charge, and no accurate records are
kept of attendance as a result. Data for both beach and pool attendance
were provided by the Wlnette Park District, which operates one of each
type of facility just north of Chicago.

Visibility affects the demand for swimming in at |east three ways.
Consider the sinmple utility function:

Uy = UHQCT |

wher e UPis the utility generated by a pool visit, His the perceived health
benefits fromswinmng, Qis a nmeasure of environmental quality, Cis the
| evel of thermal disconfort faced during the day, and T is the tinme spent
at the pool. It is clear that all of these paraneters are interrelated to
some extent. For exanple, a hot day may cause an increase in photochenica
smg, which may induce an individual to spend less tine outdoors due to
the decreased health benefits as perceived by the individual. The sinple
function is useful because it illustrates the nechanisnms by which visibility
may enter into the demand equation. The first of these mechanisns is the
"pure-visibility" effect, and represents the amenity value of visibility in
determning the overall utility generated sinply by enjoying a nice day.
The second is the "indicator" effect, which reflects the use made by indivi-
duals of visibility as an indicator of the presence of unhealthy air-pollutants.

The indicator effect may be quite inportant in the Chicago area, as the public
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receives many warnings in the sumer to avoid physical activity during periods
of high ozone levels. These warnings may come to be associated with days in
which visibility is poor, so that poor visibility may deter swiming for health
reasons, even if the poor visibility is caused by harnless natural conditions.
The third way visibility enters the demand equation is through its effect
on the transmssion of ultraviolet radiation, which is responsible for tanning
(and burning) the skin. Since many swinmers spend a great deal of time and
money to get a tan (i.e., special lotions, etc.), any decrease in the ability
to get a tan represents a real loss in utility.
To identify these effects from raw attendance figures requires an accurate
treatnent of thermal confort. A precise, absolute definition of confort is
not possible, as it is a subjective evaluation which differs greatly anong indivi-
duals. Aulicienms (1) showed that four factors influence human confort, that is,
the proportion of individuals who respond negatively to the question, “Are you
confortabl e?*. These four factors are tenperature, humdity, air novenent,
and thermal radiation, such as the infrared radiation fromthe sun. These fac-
tors interact with each other to yield a level of confort: which is particular
to the individual. The National \Wather Service reports two indices which
attenpt to integrate these factors into a nore useful neasure than sinply using
tenperature. These are the tenperature-hunmidity index (TH) and the w nd-chill
index (WJ). Neither is particularly suited to this analysis for several reasons.
The TH neglects the effect of the wind, since it was developed primarily to
nmonitor factory conditions, and it does not respond to human confort in a
linear way. A TH reading of 65 inplies that everybody is confortable, while
a reading of 70 corresponds to disconfort in 10% of the population, 75 corre-

sponds to 50% and 80 to virtually 100% disconfort. The WC does not take



161

into account humdity, as this factor is alnost always negligible when conpared
to the wind effect outdoors in the winter. Aso, the published formlas are

i nappropriate because they assume a normal amount of skin exposure and noisture,
while in swming the entire body is wet with most of the skin exposed to the
wind. To account for tenperature, humdity, and wind, a set of interaction
ternms is included in the regression, as well as the terns’ independent effects.
The fourth confort-related factor, radiant energy, is assumed to be a sinple

| inear function of cloud cover and visibility.

It is inportant to keep in nind that the true marginal decision variable
is how nuch time to spend at the pool, or in the aggregate, how nmany person-
hours are spent, and not how many people attend in a day, which is what we
have data for here. At best, we can nake sone crude assunptions about average
time spent at the pool and the average value of tine of those who attend. Even
so, it is questionable whether any reasonably accurate dollar value can be
assigned to visibility in this particular case. Wat can be established, how
ever, is the extent to which visibility plays a role, consciously or not, in
t he consunption decision of individuals. A decrease in attendance due to
reduced visibility inplies a decreased opportunity set and a reduction in
utility to those who no longer attend as well as those who continue to attend.
Assigning a dollar value based entirely on the reduction in attendance nay
al so prove unsound due to the substitution into other, less visibility-elastic

activities or even into nore work and less leisure as the quality of leisure

tine i s decreased.

3.2.1.1 Enpirical Model
Two nodels are estimated using Wlnette data and surface weather observations

at OHare Airport for the years 1977-1979. Swinmming data are also available for
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1980, and are used for prediction-verification. Due to the lack of data on
certain inportant variables, such as wave height, water tenperature, and
pollution levels in the lake, the beach data are not used in this analysis.
Rat her, the enphasis is placed on the pool, which is a controlled environnent
not subject to closing unrelated to the weather.

The first nodel to be estimated assunes a sinple, readily interpretable

l'inear relationship. The relationship is of the form

,BX ’

weesd

P=0.+81Vi

where P is daily pool attendance, Vis visibility, and x; are other factors
which effect attendance. Unbiased estimtes could be achieved for the esti-
mat ed parameters by taking first differences of all the variables, 364 days
apart. However, with the [imted dataset and the subtle quality of the effects
being neasured, first-differencing is highly undesireable. To account for
purely tenporal effects, a conprehensive set of dumy variables and functions
are enployed on a portion of the data, the results of which are conpared with
those obtained using first differences. In addition, the data are analyzed for
each year separately in addition to the pooled regression to check for struc-
tural stability between years. Data for the year 1980 are included as an
addi tional check on the parameter estimates.

A simple plot of attendance by date indicates a tendency for the attendance
to fall in clusters. It is determned whether this is due to a sinple clustering
of days simlar neteorologically, or whether there is a lagged relation anmong

the data. The disturbances are exam ned for autocorrelation to see whether

CGeneral Least Squares nethods would be nmore appropriate than OLS estinators.
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In addition to the |inear nodel, a second nodel is used,

of the form

n

m
- 3
LOG(P) = a + z_leiLOG(xi) MR-

n+1 i%

i »

where the X; are expressed in log form if continuous, or else left in levels
if the relationship is best described by an exponential function, or if the
vari abl es are discrete. This nodel has the advantage that elasticities are
estimiteddirectly, but is not as straightforward and sinple as the |inear

nodel

3.2.1.2 Regression Results
Ta. 3-1 shows the results of the first regression nodel. The inportant
points which led to this final regression are:
1. Day-of-week effects were mininal and not statistically
significant. This includes a sinple weekend/ weekday
dummy vari abl e, which was also tried
2. The linear nodel is not structurally stable. The val ues
for the coefficients differ significantly for each of
the three years in question. (F-ratio of 3.978.
Separate year results are not reported here.)
The pool ed regression using all three years can
be | ooked at as an “average” representation of the effects.
3. Lagged exogenous variabl es were not statistically significant,
t hough their signs and rel ative magni tudes were as expected.
In addition, the data showed no significant autocorrelation

usi ng t he Dur bi n- Wat son net hod.



TABLE 3-1

Pool Attendance: Model 1
PARAMETER STANDARD
VARI ABLE (units) ESTI MATE ERROR T- RATI O PROB > T
| NTERCEPT 464633. 7 350765. 7 1. 3246 0.1867
RAIN (% of Day) -1.061104 2.273052 -0. 4668 0. 3206
FOG (% of Day) -0. 051259 2. 489467 -0. 0206 0. 4618
TEMP (°F) 543. 921259 164. 347770 3. 3096 0. 0006
W ND (MPH 10) -292. 932312 117. 645255 -2. 4900 0. 0068
HUMM DI TY (9 57. 678240 39. 192380 1. 4717 0.0713
CLOUD- COVER (% -4.782367 1. 209490 -3.9540 0. 0001
VISIBILITY (M./10) 1. 852527 0. 853752 2.1699 0. 0156
JWIND 6511. 505 2526. 044 2 5777 0. 0068
TEMP-W ND ** 3. 943894 1. 500730 2. 6280 0. 0092
TIHP-JUTND xx - 84. 489434 32. 034411 -2 . 6375 0. 0089
HUM DI TY-W ND ** -0. 192682 0. 066548 -2.8954 0. 0042
TEMP. - HUM DI TY *x - 0. 434404 0. 494560 -0. 8784 0. 3807
cos(T) *** 3364. 711 1648. 974 2. 0405 0. 0425
SIN (T) *** -3488. 21 2921. 867 -1.1938 0.2338
TTREND *** - 78, 873748 54. 698816 -1.4420 0. 1507
* One-tailed test SSE 32258740 F-Ratio 25.51
** Confort - Interaction Termns Deg. of Freedom 220 Prob> F 0. 0001
*xx Tinme-Effect Terns MSE  146630.6 R-Square  0.6349

L3 ‘9 ‘G ‘991
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The results of the final regression can be sunmmarized thus:

1. Rain and fog effects are not well accounted for in a
linear nodel. This is perhaps due to the discrete nature
of these variables as they exist in our data set.

2. The nodel accounts extrenely well for confort-related
effects, both independent and interaction terns are
significant with the proper signs

3. Visibility has a significant effect on attendance. The
effect is not stable between years, but ranges between
1.24 and 3.73 persons per tenth-of-a-mle increase in
visibility. \Wen the data are pooled, an estimte of 1.85
is arrived at. The high of 3.73 was achieved in 1979, the

year the nodel best fit the data

The second nodel which was estimated was the log-1og relationship. On
the whole, this nodel was a disappointnent, as sone of the variables effects
were nmasked, or were not well accounted for in nultiplicative relationships.
Results fromthis regression are listed in Ta. 3-2

Wiile the log-log relationship expressed rain and fog effects in exponentia
form which was found nost appropriate, it seenms to have been an inappropriate
functional formfor other variables. Tenperature and wi nd have the anticipated
effects, but cloud cover, humdity, and visibility have no significant effect.
This nodel also has |ess overall explanatory power than the |inear node

(R2 = .5717), and so the conclusions for this investigation rely heavily on

the first nodel.



TABLE 3-2

Pool Attendance (Log): Model 2
PARAVETER STANDARD

VARI ABLE ESTI MATE ERROR T- RATI O PROB>T
| NTERCEPT 1338. 153 10907. 83 0.1227 0. 9025
RAI N - 0. 040805 0. 007502444 -5. 4389 0. 0001
FOG -0. 021650 0. 008816437 -2. 4556 0. 0074
LOG( TEMP) 15. 991371 1. 486479 10. 7579 0. 0001
LOG( HUM DI TY) -0. 561598 0. 594286 -0. 9450 0.1728
LOG( W ND) -0. 663739 0. 293846 -2.2588 0. 0125
LOG( CLOUD- COV. ) -0. 00686768 0. 051006 -0. 1346 0. 4465
LOG( VI SI BI LI TY) 0. 025559 0. 252146 0.1014 0. 4597
LOG( TTREND) -158. 950272 1244. 464 -0.1277 0. 8985
Cos(T) 3. 453727 5.731853 0. 6025 0.5474
SIN(T) 0.203768 10. 422159 0. 0196 0. 9844
* One-Tail ed Test

SSE 435. 025664 F- RATI O 30. 04

DEG OF FREEDOM 225 PROB> F 0. 0101
MSE 1. 933447 R- SQUARE 0.5717
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3.2.1.3 Concl usions

1. An increase in anbient visibility levels of one mle wll increase
attendance fromthree to five percent. This represents an annua
increase in attendance of between 1728 and 2880 persons.

2. The lack of day-of-week effects suggests a popul ation consisting
mai nly of children and younger adults with a correspondingly |ow
enpl oyment rate. Since environmental anenities are usually incone-
elastic, this would tend to yield a site-specific estimte which was
bel ow the average valuation over the entire popul ation.

3. A large portion of the variation remains unexplained in the nodels
used here. There is likely a large random el ement, due to reasons
cited in nunber 1 above, but in addition, it appears that the inter-
relation between the variables is a rather conplex function, which

can only be approximated by a linear relationship.

The remaminder of the chapter presents the results of an investigation
into the effects of visibility on common recreational and other activities.
For the nost part, we examne activities for which the relevant demand
elasticities are unknown, and so benefit estimates of visibility changes are
not possible. However, in the case of ngjor |eague baseball attendance,
estimates of demand elasticities have been nade, for exanple, by Noll
and Denmert.

Ceneral models of activity choice with visibility as an input into
househol d production functions have already been presented in this report.
For this reason, none are presented here. Instead, regression nodels are

introduced, and the variabl es described. Follow ng each are the results of
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one or nore regression analysis with a brief discussion of the results

Al of the activities nmeasured were in the Chicago Metropolitan Area

3.2.2 Television View ng

Wth the aid of AC Nelsen's "Nelsen Television Index"* a dataset
consisting of the total nunber of households using television at the hours
of 1:00 P.M, 2:00 P.M, and 3:00 P.M, for each day during cal endar years
1978 and 1979 was assenbled. In addition, the nunber of househol ds wat ching
Chicago Cubs hone games was determined. Due to the lack of lights at the
stadium all ganes take place between noon and around 4:.00 P.M  These data
are useful in the discussion of baseball attendance bel ow.

Many factors undoubtably influence the nunber of television viewers
One for which we have little independent data is programquality. The choice
of the early afternoon hours is partly an attenpt to control for program
quality, as there are relatively few changes in scheduling in this tine
period. Also, it enabled the conparison of the game and non-gane days of
the Cubs, as described above.

To examne the influence of visibility on television audiences, we sepa-
rated its effects fromother meteorol ogi cal and tenporal factors. The
regression results are given in Ta. 3-3. The intercept, 31.86, represented
an average Wednesday in May, nmeaning 31.86% of the 3 mllion househol ds
watching T.V. The effect of visibility is given by the two variables

VIS15 and WKNDVIS. The effects of a one mle increase in visibility, assunm ng

*

Thanks are due to Maureen Corman of NTI for her kind assistance in providing
these data
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TABLE 3-3

Percent of Households Using Tel evision, 1978-79

PARAMETER STANDARD

VARIABLE DF ESTIMATE ERROR T RATIC pPROB>|T|
INTERCEPT 1 31.862665 1.407201 22.6426 0.0001
RA1S 1 0.018619 0.005993813 3.2732 0.0011
SN1S i1 =-0.00618701 0O.00709767S -0.8717 Q.3837
WIN1S 1 0.008701367 0.003107462 2.8002 0.0053
TCL1S 1 0.016687  0.00402075 4.1501 0.0001
VIS1iS 1 -0.013373 0.C03915276 -3.4157 Q.0007
TEM15 1 -0.081347 0.014113 -5.7641 0.0001
FOOTBLSA 1 1.617240 0.764520 2.1154 0.0348
FOOTBLSU 1 6.678667 0.763180 8.7511 0.0001
FTBLHOL 1 5.45407 1 1.7653s8 3.0895 0.0021
CUBHOME 1 2.562305 0.534686 4.7922 0.0001
CUBAWAY 1 0.716211 0.530855 1.3492 0.1777
BLIZZARO 1 5.241333 1.123343 4.6633 0.0001
M 1 0.918224 0.471162 1.9489 0.0517
T 1 =0.320488 0.465496 ~-0.6885S 0.4914
R 1 -0.0732489 0.470864 -0. 1556 0.8764
F 1 -0.283101 0.467240 -0.60S8 0.5448
S 1 6.847284 1.241751 5.5142 Q.C001
su 1 12.25906 1 1.247545 9.8265 0.0001
M1 1 4.850261 1.004174 4.8301% 0.0001
M2 1 2.067644 0.952657 2.1704 0.03203
M3 1 2.955393 0.806152 3.6660 0.C003
M4 1 1.445582 0.639560 2.2603 0.0241
M6 1 1.800524 0.620328 2.5025 0.0038
M7 1 2.633546 0.628826 4.1976 0.0001
M8 1 3.760133 0.627449 5.9928 0.0001
M9 1 2.744425 0.645459 4.2519 0.0C0
M1 1 3.327091 0.739155 4.5012 0.0001
M1d 1 2.894163 0.792583 3.6516 0.0003
M12 1 3.107783 0.854282 3.6378 0.0003
WKNDVIS 1 =-0.00134655 0.007018629 -0.1918 0.8479
WKNDTEM 1 -0.104334 0.012805 -8.1482 0.0001
WKNDRA 1 0.017010 0.014474 1.17%2 0.2403
WKND SN 1 0.015358 0.015645 0.9817 0.3286

SSE 7584.145S F RATIO 49.41

OFE 639 PROB>F 0.0001

MSE 11.007467 R-SQUARE 0.7030

Source: A C N elsen Co.
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local linearity, is -.0134, meaning .134% of the 3 mllion househol ds stop
watching T.V. or around 4,000 households. The effect if that increase happens
on a weekend is a further reduction of 400 households. The prine effect is
very well estimated, with a t-statistic of -3.42, while the second is not,
with a t-statistic of only -0.19. Overall, television appears to be highly
seasonal, with a peak in January and a trough in the base nonth of May.

The day-of-week dummies acted as expected, with a |arge weekend increase.
The weat her variables also behaved as expected, with higher tenperature and
visibility causing less television watching, as people shift to outdoor
activities, and with wind, clouds, and rain driving people indoors to the
T.V. Snow had a negative effect, but was not precisely estinated.

In a further attenpt to abstract from mere seasonal variation, 7-day
first differences were calculated. The new regression is presented in
Ta. 3-4.  The variables prefixed with the letter D are the same as the pre-
vious regression, only having undergone first-differencing.

The results for visibility are still negative, but the effect is less

precisely estimated, with only a 1.06 t-statistic.
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TABLE 3-4

Percent of Households Using Television at 2:00 P.M 1978-79:

VARIABLE

INTERCEPT
D7RA
D7SN
D7WIN
D7TCL
D7VIS
D7TEM
C7FTBLSA
D7FTELSU
07CuBHOM
D7CUBAWA
D7HOL
OTFTBLHL
o7BLIZZ

oF

P N I Qi vy W S D SV

7-Day First-Differences

PARAMETER
ESTIMATE

0.063820
0.024183

STANDARO
ERROR

Q.174468

0.007834S51

T RATIO

0.3658
3.0867

-0.000163312
0.008463473

0.024703
-Q0.004 19665

,0.007373556
Q.0035860Q03
0.004452127
0.003943219

-0.
2.
S.

-1

0222
3601
5486

.0643

-0.080849 0.018345
-1.8297SC 2.752302
-0.562519 2.7313829
2.615677 0.528036

0.685619 0.520638

1.3736882 0.633384

13.847987 1.587012
4.136080 1.068155

SSE 15576.95

DFE 709

MSE 21.870307

-5.9206
-0.5821
-0.2018
.8836
.3361
. 1688
.8712
.8722

WWOA b

F RATIOQ
PRQOB>F
R-SCUARE

PROB>|T|

.7148
.0021
.9823
.0185
.0001
.2876
.0001
.5539
.8404
. 0001
1819
.0304
. 0001
.0001

Q0000000000000

25.94
0.C001
Q.3223
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3. 2.3 Baseball

Two anal yses were performed on basebal |l data. The first is an analysis
of attendance data and relevant team information published for the Chicago
Cubs during the 1978 and 1979 seasons. The second was an analysis of tele-
vision viewing of the Cubs during the sane two seasons. For both the same
expl anatory variables wll be used

The variables are all briefly described in Ta.3-5 with the results of
the regression of attendance data. The results in Ta.3-6 are for the per-
cent of Chicago netropolitan area househol ds watching WGN Tel evision at 2:00 P.M
during each gane. Many simlar and highly correlated variables were included
in the regression. These include mainly statistics on team performance during
the season, and opposing team characteristics. These results were not exani ned
in detail. Instead, we nerely noted the effects of visibility on attendance

An increase in visibility of one mle increases gate attendance by
approxi mately 125 people, although the effect is not precisely estimated.
Interestingly, the effect of the same increase in visibility is to increase
tel evision watching of the Cubs by about 3,000 househol ds, even though the
total effect on television watching of all types is to decrease view ng by
about 4,000 households. Perhaps picture quality is enhanced with the inproved
visibility. \hatever the case, both attendance and television increase.

Nol | provided an estimate of the effect of ticket prices on attendance
for an SM5A of popul ation of around 3.5 million. Since Chicago has an SMSA
of approximately 7 mllion, the effect is doubled, yielding a reduction in
attendance of 380,000 persons per year for a one dollar increase in ticket
price. Qur neasured visibility effect of 125 persons per game, nultiplied

by 81 ganes yields a total of 10,125 additional persons per year in gate



VARIABLE

INTERCEPT

DATE
LASTHOME
DOUBLE
RAO09
RA12
RA15
TEM12
WINDOUT
VIS12
SOXPCT
SOXPLAY
CHIFEST
IN RACE
CUBPCT
HMGMBK
SAMEDIV
CPTCHERA
VSSTAN
VPTCH500
EQUALITY
EQUALSD
KINGMAN
YEAR79
CUBWIN10

DF

- et ot wh b ek ek o wh wA mh ok mh e EmS bt mh b b e Mk b b ek ok ek e ok bk b b s mh b

Chicago Cubs Total

PARAMETER
ESTIMATE

19137.39
1892.86
-2010.47
1438.35
-398.466013
10936.11
13464.3
-10060.6
5966.58
7907.502
10158.55
2512.577
-0.810883
141.073569
3161.818
-33.978231
-25.077909
15.898115
214.071109
1730.691
12.487959
-13109.2
58050.9
-2027.13
3999.039
-19223.8
-935.843864
-16637.5
680.158836
-998.082156
179.609536
-11718.5
24302.13
-3335.01
8823.667
1059.82

SSE
DFE
MSE

STANDARD
ERROR

60316800888
2421.542
1881.489
1948.707
2093.582
1880.054
1916.078
3186.865
2168.68
3011.217
3905.221
4325.281
38.412070
167.978923
1845.086
22.961630
30.191844
26.908620
82.563972
1503.111
14.521299
17161.29
60316800889
3221.181
2317.196
16608.63
312.870576
14290.28
405.725853
405.395244
176.324238
13620.63
15857.92
1724.915
13533.4
560.594588

2G10887601
101
25850372

TABLE 3-5

In-Person Attendance,

T RATIO

.0000
.7817
.0685
7381
.1903
.8169
.0270
.1569
.7512
.6260
.6013
.5809
.2294
.8398
1.7136
-1.4798
-0.8306
0.5908
2.5928
1.1514
0.8600
-0.7639
0.0000
-0.6293
1.7250
-1.1575
-2.9912
-1.1643
1.4003
-2.0562
1.0186
-0.8604
1.5325
-1.9334
0.6520
1.8639

OO0 oNMNNMNNW OO OO

F RATIO
PROB>F
R-SQUARE

PROB> [T|

.0000
.4362
.2878
.4622
.8494

.0001

.0001

0021

.0070
.0100
0107
.5626
.8190
4030
.0897
.1420
.4081

.5560
.0109
.2523
.3918
L4467
.0000
.5306
.0874
.2498
.0035
.2471

1645
0423
.3108
.3916
.1285
.0560
.5159
.0652

OOOOOOOOOOOOOHOOOOOOOOOOOOOOOOOOOOO,_.

12.76
0.0001
0.8155

1978-79

VARIABLE
LABEL

MONDAY

TUESDAY

WEDNESDAY

FRIDAY

SATURDAY

SUNDAY

APRIL

JUNE

JULY

AUGUST

SEPTEMBER

LINEAR TIME TREND

DAYS SINCE LAST HOME GAME

DOUBLE HEADER

RAIN AT 9 AM

RAIN AT 12 NOON

RAIN AT 3 PM

TEMPERATURE AT NOON

DUMMY, EQUALS 1 WHEN WIND BLOWS OUT
VISIBILITY AT NOON IN TENTHS OF A MILE
SOX WINNING PCT

ZERO-ONE DUMMY

DUMMY FOR CHICAGOFEST
DUMMY, ONE WHEN TEAM IN PENNANT RACE
CUBS WINNING PCT

GAMES BEHIND LEADER (CUBS)

1 WHEN OPPONENT IN SAME DIVISION
CUB PITCHERS ERA

VISITORS STANDING IN DIVISION
VISITING PITCHERS GAMES ABOVE 5
DIFFERENCE IN WINNING PCT
EQUALITY X SAMEDIV

DUMMY, ONE WHEN KINGMAN PLAYED
YEAR DUMMY

NO. OF GAMES WON OF LAST TEN

9T



TABLE 3-6

Chicago Cubs Television Audience, 1978-79:

Percent of Households

PARAMETER STANDARD VARIABLE

VARIABLE DF ESTIMATE ERROR T RATIO PROB> [T| LABEL
INTERCEPT 1 28.310590 27804381 0.0000 1.0000
M 1 1.508206 1.116264 1.3511 0.1797 MONDAY
T 1 -0.333530 0.867315 -0.3846 0.7014 TUESDAY
W 1 0.336566 0.898300 0.3747 0.7087 WEDNESDAY
F 1 0.895605 0.965083 0.9280 0.3556 FRIDAY
S 1 4.545163 0.866653 5.2445 0.0001 SATURDAY
su 1 5.355864 0.883259 6.0638 0.0001 SUNDAY
M4 1 -1.992947 1.469057 -1.3566 0.1779 APRIL
M6 1 2.428024 0.999702 2.4287 0.0169 JUNE
M7 1 3.579786 1.388088 2.5789 0.0114 JULY
M8 1 6.405515 1.800199 3.5582 0.0006 AUGUST
M9 1 5.339600 1.993835 2.6781 0.0086 SEPTEMBER
DATE 1 -0.018761 0.017707 -1.0595 0.2919 LINEAR TIME TREND
LASTHOME 1 -0.066878 0.077434 -0.8637 0.3898 DAYS SINCE LAST HOME GAME
DOUBLE 1 0.364654 0.850534 0.4287 0.6690 DOUBLE HEADER
RA09 1 0.001897492 0.010585 0.1793 0.8581 RAIN AT 9 AM
RA12 1 0.032381 0.013918 2.3266 0.0220 RAIN AT 12 NOON
RA15 ' -0.010960 0.012404 -0.8836 0.3790 RAIN AT 3 PM
VM 12 ' 0.042599 0.038060 1.1193 0.2657 TEMPERATURE AT NOON
WINDOUT ' 0.370211 0.692893 0.5343 0.5943 DUMMY, EQUALS 1 WHEN WIND BLOWS OUT
VIS12 ] 0.010100 0.006693918 1.5089 0.1344 VISIBILITY AT NOON IN TENTHS OF A MILE
SOXPCT 1 12.036824 7.910881 1.5216 0.1312 SOX WINNING PCT
SOXPLAY ! 110.357756 27804381 0.0000 1.0000 ZERO-ONE DUMMY
CHIFEST ' -2.988367 1.484876 -2.0125 0.0468 DUMMY FOR CHICAGOFEST
IN RACE 1 -0.115474 1.068163 -0.1081 0.9141 DUMMY, ONE WHEN TEAM IN PENNANT RACE
CUBPCT 1 -16.721749 7.656122 -2.1841 0.0313 CUBS WINNING PCT
HMGMBK 1 -0.520589 0.144225 -3.6096 0.0005 GAMES BEHIND LEADER (CUBS)
SAMEDIV 1 -7.081642 6.587425 -1.0750 0.2849 1 WHEN OPPONENT IN SAME DIVISION
CPTCHERA 1 -0.279615 0.223906 -1.2488 0.2146 CUB PITCHERS ERA
VSSTAN 1 -0.081824 0.223754 -0.3657 0.7154 VISITORS STANDING IN DIVISION
VPTCH500 1 -0.034274 0.081281 -0.4217 0.6742 VISITING PITCHERS GAMES ABOVE 5
EQUALITY t -10.780878 6.278732 -1.7170 0.0890 DIFFERENCE IN WINNING PCT
EQUALSD 1 9.484610 7.310063 1.2975 0.1974 EQUALITY X SAMEDIV
KINGMAN 1 0.592985 0.795138 0.7458 0.4575 DUMMY, ONE WHEN KINGMAN PLAYED
YEART79 1 9.447361 6.238523 1.5144 0.1331 YEAR DUMMY
CUBWIN10 1 0.599823 0.262106 2.2885 0.0242 NO. OF GAMES WON OF LAST TEN

SSE  554.802019 F RATIO 7.18

DFE 101 PROB>F 0.0001

MSE 5.493089 R-SQUARE 0.7134

LLT
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attendance per mle increase in visibility. Thus, the change in consuner's
surplus associated with increase in visibility is at least 2.7 cents per
person in attendance, or approximately $30,000 for a typical season's
attendance. This benefit of a one mle visibility inprovement represents
somewhat |ess than one mllion dollars per year for baseball attendance in

the entire U S., assum ng a honbgeneous popul ati on.
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three stand out. In the earliest study, Davis and Knetsch (DK) conpared
willingness to pay elicited in contingent valuation with a valuation derived
through a travel cost nodel of demand. DK found the two estimates to be
strikingly simlar in magnitude. However, later work by Bishop and Heberlein
(BH suggested that the simlarity found by DK might be misleading. Three

of the BH results are relevant. First, travel cost valuations conputed by

BH were found to vary wdely depending upon the choice of elenents included

in the cost of travel index that serves as price. Thus, a single travel cost
estimate may be unreliable as a datum Second, when conpared to a range of
travel cost estimates, the contingent valuation estimate lay close to the nean
of the travel cost valuations. Third, both contingent and travel cost valuations
tended to underestimate the BH datum of true value. In a third and nost recent
conmparative study, Brookshire et al. found, in a manner consistent with a theory
of individual versus market valuations, that valuations of visual air quality
based on contingent valuation tended to |ie bel ow those based upon a rent
gradient estimated on residential property prices. In light of the results

of previous studies, two tentative conclusions can be drawn. First, contingent
valuation perfornms at least as reliably as the operational, alternative

val uation techniques. Results presented below tend to corroborate previous

research
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3.3.1.1 Early Analysis of Hancock Tower Visitation

The Hancock Tower offered an unusual opportunity to determine the
effects of visibility on the demand for view services. The view offered
by the Tower is particularly sensitive to changes in visual range. Since
an explicit price is charged and attendance is recorded it was possible
to provide an estimate of the demand for Hancock Tower view services as a
function of adm ssion price, visibility, and a set of demand shifters.

A mean per person consumer surplus of $2.12 in 1981 prices was conputed
fromthe aggregate demand estimate. Extrapolating this benefit estinmate

to cover the entire eastern United States is equivalent to assumng that

i dentical view ng opportunities (as the Chicago urban |andscape and skyline)
exist in the entire eastern region. Assunming that simlar experiences are
obtainable in other areas of the region, then, given a honogeneous popul ation
the aggregate consuner surplus is 275 mllion dollars in 1981 prices.

Early enpirical analysis of Hancock Tower visitation conpleted four
objectives. First, the error structures resulting from previously specified
nmodel s were exanmined for non-random patterns and remedial estimtion pro-
cedures enpl oyed where appropriate. Second, having sel ected appropriate
estimation procedures, l|agged groups of independent variables were tested
for explanatory power. Third, the functional form of the specified equa-
tion was eval uated. Fourth, prelimnary estinmates of consuner surplus and
revenue were conmputed for changes in visibility at the site

The enpirical analyses began with a demand equation specified in inverse
exponential [IE] form Such a functional form appeared nost consistent wth
the color contrast results of Malmand Lei ker. An exami nation of the error

structure resulting fromestimation in the IE formrevealed a clearly non-random
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pattern. To remedy this difficulty, two steps were taken. First, the node
was respecified in a sinple linear form The linear form was chosen since

It can be viewed as a first-order approximtion to nmore conplex functiona

rel ationships. Second, a nodified Cochrane - Orcutt (C~O)l procedure was

used to allow for serial correlation errors and their effect on estinmation.
Conmbining the linear formwth the CO procedure resulted in an error structure
approximating an i.i.d. process and, thus, appropriate for the conputation

of covariance statistics.

The second step in the enpirical analysis was to check the explanatory
pover of |agged groups of variables. Conceptually, Iagged variables could be
important for two reasons. First, if the visiting population is fairly con-
stant, extrenely favorable visibility and weather conditions on a given day
would tend to deplete the visitor stock for the nest. Wthin this context,
| agged variables would tend to carry signs opposite to those of the respective
cont enpor aneous variable. Second, individuals may form expectations on the
basis of past realizations of visibility and weather variable. In this
context, the signs of |agged variables woul d depend upon the particul ar
processes used to form expectations. Gven this anbiguity, the net effect
on the signs and significance of |agged variables cannot be determned a priori

To determine the enpirical effect of |agged independent variables, F
statistics (Chow type test) were conputed to test several hypotheses. The
basic formof the null hypothesis was : 2 - the lags x,y, and z do not
contribute to variation in visitation. The set of variables |agged were

VS1, VS2, RA, SN, CL, WN, TEMP, and FG (see Ta. 3-7 for variable description).

1See SAS AUTOREG procedure, SAS Institution, 1980
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TABLE 3-7

Statistic and Variable Descriptions
for Visitation, Wather and Visibility 1

VARI ABLE MEAN STANDARD DESCRI PTI ON
NAMVE DEVI ATI ON

VST 955.12 710. 77 Daily Ticket sales at
Hancock Tower

VSl 12.55 13. 94 Visibility in mles from
H T., 1st reading

VS2 16. 28 15. 42 Visibility in mles from
HT., 2nd reading

RP 0. 7690 0. 07659 Adm ssion price divided
by CP.1.

RPI 916.91 9.23 Personal Income (National)
divided by CP. 1.

M TU, W Day of week dummy

F, S, SU 0.14 0.35 vari abl es

TI ME 270.50 151. 41 Li near trend variable
runs from1l to 524

SNX 0. 2169 0. 6896 SINE Values with period
of 365 days. Intended to
pi ck up seasonal cycle

CSX . 01215 0. 6922 COSI NE Val ues with period
of 365 days. Intended to
pi ck up seasonal cycle

RA 0. 0700 0.1950 Proportion of days with
rainfall

SN 0.0719 0. 2145 Proportion of days with
snowf al |

CL 0.4727 0. 3262 Average cloud cover
measured fromO to 1.

W N 10. 82 3.983 Average W ndspeed in Knots

TEMP 50. 72 22.09 Tenmperature in degrees
Fahr enhei t

FG 0. 08715 0.2418 Proportion of days with fog

1

(bservations are for the period Iron 1/9/81 to 6/15/81.
Weat her observations are for O Hare Int. Airport.
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The lags tested were lags 1,2,3,7,8 versus lags 1,2,7; lags 1,2,7 versus |ags
1,7, lags 1,7 against lag 1; and lag 1 against an equation with no lags. The

statistic used for testing was

F = (SSE, - SSE, ) (DFE. )/(SS
EE{Q 32—11 FEHl F‘all @FEHO - DFEEL)_ :

wher e SSEHO is the sumof squared errors resulting from the regression without
lags x,y, and z; DFEHO is the degrees of freedom associated with SSEHO; and
SSEHl and DFI-:Hl are anal ogous quantities for the regression with lags x,y,z
i ncl uded

Ta. 3-8a and 3-8b exhibit the results of regressions conmputed with various
sets of lagged variables. At the 5 percent level, Chow test conputed from
the given statistics failed to reject any of the null hypotheses involving
| agged groups of variables. Hence, none of the |agged groups of variables
are shown to contribute to the variation in visitation. Additionally, inspec-

tion of Ta. 3-8a and 3-8b shows that the |agged variables contribute little

to the long run effects on visitation. For exanple, the conbined effect of
VS1 and VS2 in the regression with no lags differs little fromthe long run
effects when lags are included. Sinmilar results are apparent for other
variables such as RP and PRL. Wth their effects neither statistically nor
absolutely significant, |agged effects are provisionally rejected in favor
of the nore parsinonious contenporaneous equation.

Wth a satisfactory specification of demand for Hancock Tower visitation,
consuner surplus and revenue changes were estinmated for various

percentage changes in mean visibility. Results appear in Ta. 3-9. For these
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TABLE 3-8a

LAGGED VARI ABLES AND THEIR LONG RUN EFFECT ON VI SI TATI ON

__LONC RUN COEF?ICIENTSI
LAGS
EXPLANATORY JONE
VARIABLES .,2,3,7,8 1,2,7 1,7 1 NOUWE (US1 DROPPED)
ws1t? -4.38 -3.90 -4.15 177 2.49 —
(1.49)
tvs2 .13 13.29 12.60 12.05 7.10 8.49
(4.63) 7.an
IR ~445.83 -527.45 -462.84 -403.52 -535.89 ~541.86
_ (-5.87) (=5.94)
sy . -188.07 -127.25 -69.83 -125.31 -175.38 -183.07
(-2.07) (-2.16)
a -143.02 -221.92 173.64 -226.86 -169.03 -174.83
(-3.05) (-3.11)
LWy 6.19 -11.92 6.52 1.92 2.26 2.00
: (0.52) (0.46)
ITRE® 1.81 2.08 0.81 3.26 5.70 5.16
2.75) (2.50)
r¥G -283.03 -271.74 -457.33 -317.19 -316.38 -317.97
(=3.90) (-3.32)
re -1615.83 -1752.92 -1908.37 -1360.15 -1492.49 -1376.04
(-2.00) (~2.23) (~2.30) (-1.79) (=2.05) (-1.35)
=PI 23.06 23.34 26.77 25.33 26.21 23.76
(1.98) (2.05) (2.38) (2.29) 2.2 @
u -6.44 0.4 7.68 -9.30 -13.59 -11.30
(-0.09) (0.00) ©.11) (0.13) (20.19) (=0.17)
10 ~86.55 -44.82 66.71 -74.58 -64.75 -63.62
(-0.93) (=0.92) (-0.96) (-1.08) ©.38) RERE)
¥ -29.26 -37.70 -43.20 -47.97 -60,16 -56.92
(-0.47) (.62) (-0.72) (=1.14) (-1.01) (-0.37)
7 311.55 302.03 311.95 192.21 295.83 299.01
(4.95) (4.30) 5,15 (4.92) (4.98) (5.08)
s 1071.55 1070.22 1074.62 1058.59 1063.56 1072.28
(14.90) (15.18) (15.40) (15.35) (15.43) (15.62)
su 319.21 315.91 320.55 116.64 315.99 321.99
(4.30) (4.3D) (4.45) (6.39) (4.41) (350
ME 1.73 1.77 1.99 1.689 1.71 L1.61
2.57) (2.70) (3.09) (2.88) (2.50) (2.50)
S¥X -10.22 16.38 14.16 -4,30 . 29,20 14.31
(-0.12) (0.21) ©.19) (-0.06) (0.42) (0:21)
csx -407.96 -389.01 -437. 3 -359.99 -303.30 -311.59
(=2.99) (=3.24) (-3.36) (-3.99) (=3.88) (=4.0Q)
nr -19638.55 -19777.28 -22861.00 -22078.36 -21086.09 -20688.385
(-1.30) (-1.3%) (-2.16) (2.12) (-2.04) (-2.91)
TVS1+IVS2 5.75 3.39 3.45 10.28 9.59 3.49

t values given {a parencheses

... .

Coefflicients estimaced using the SAS AUTOREG srocedure wizh iutoczrrelacion
coefficieats estimacad at laggs 1 and 7.

N
"% indicates the sum of the coefficlents of beoch contemnoranecus and lagged
values of the zarticuiar explanacocy variable. For examole, if large { and
7 are included, :VS2Z zives zhe sum of the csefflciencs cscimaced an the

contemporaneous value of US2 and the vaiues of V82 at lags L and !
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TABLE 3-8b

1

LAGGED EXPLANATORY VARI ABLES

REGRESSI ON SSE D. F. r? p, P,
W TH LAGS
1,2,3,7,8 62693407 464 .65 .31 .14
(7.54) (3.39)
1,2,7 63477889 480 . 64 .32 .15
(7.66) (3. 55)
1,7 64670558 488 .64 .32 .14
(7.72) (3. 35)
1 65825254 496 .62 .32 .13
(7.72) (3.28)
NONE 67334226 504 .63 .32 .13
(7.66) (3.26)
NONE 67518458 505 .62 .32 .13
(VS1 DROPPED) (7.66) (3.16)

t val ues in parentheses

1Aut oregressions estimatedw th autocorrel ati on

coefficients estimated at |ag l(pl) and lag 7 (p7)
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TABLE 3-9

Consuner Surplus and Revenue Estinates

Derived from Linear Demand Function 1
AVERAGE DAI LY CHANGE2
CHANGE |IN MEAN
VISIBILITY CONSUMER REVENUE TOTAL TOTAL
(VS2 = 16.28) SURPLUS
10% 26 28 54 19710
20% 52 57 109 39785
30% 78 85 163 59495
40% 105 113 218 79570
50% 133 115 248 90520

1_ . . . . .
Estimated from regression wthout interaction
termas reported in Table 4. In dollars.

2Adj usted to current dollars using April 1981,

C.P.1. of 266.8.
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conput ations the regression "None (VSI Dropped)" of Ta. 3-8a was used al ong
with the nean variable values givenin Ta. 3-7. Revenue changes were incl uded
since, at this point, it is assunmed that additional visitors are adnmitted to
the Tower at close to zero narginal cost.

Caution rmust be taken agai nst placing too much wei ght on the estinmates

o Ta. 3-9. As Ta. 3-10 denonstrates, the response of individuals to changes
invisibility is very likely non-linear. Ta. 3-10 gives results for two
regressions. The first regression, "No Interaction,” is entirely linear in

the coefficients of all included vari abl es. Note that the coefficient on

visibility is rather small. The second regression, "Wth Interaction Term"

includes two terns for visibility. The first is sinply VS2. The second is

VST2 > 10 = VST x D,

wher e

(W
1

1if VST2 > 10 mles ,

0 ot herw se.

The regression "Wthlinteraction" «clearly denpnstrates a differential response
to different ranges of visibility. Wwen visibility is less than 10 mles the
response in visitation to a one nmle change in visibility is 23.91 versus the
8.49 person response of "No Interaction.”" Wen visibility is initially greater
than 10 niles, the response to a one nmile change in visibility is 9.6

(=23.91 - 14.31) and still greater than the 8.49 person response of "No
Interaction." Fromthese results, two inplications can be drawn. First,
non-linear fornms should he explored for fit to the Hancock data; second,
consuner surplus and revenue simul ations perforned with the "Wth Interaction”
regression or other non-linear forns are likely to result in significantly

| arger estimates.
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TABLE 3-10
TESTING FOR NON-LINEAR RESPONSE TO VISIBILITY

+ REGRESSION RESULIS

EXPLANATORY NO INTERACTION WITH INTERACTION
VARIABLE TERM FOR US2 - TERM
INT ~20688.85 ~20640.20
(=2.010) (-2.00)
vs2 8.49 23.91
(7.17) G470
vs2 > 10 — -14.31
(=2.27}
RP -1376.04 -.1416.66
(-1.85) (~1.90)
RPI 23.76 23.68
2.17) 2.17)
M -11.90 -12.68
(71.80) (-0.18)
0 -63.62 -59.36
(~=0.93) (-0.86)
w -56.92 -45.23
(-0.97) 9-0.76)
b4 299.01 313.52
(5.08) (5.26)
S 1072.28 1095.40
(15.62) (15.74)
SU 321.99 344,40
4.351) .77
TIME 1.61 1.61
(2.60) (2.50)
SNK 14.81 21.20
(0.21) (0.30)
csx =-311.359 ~310.95
(~4.01) (~4.00)
RA ~541.86 ~340.29
(-5.94) (=5.9%)
SN -183.01 -171.18
(-2.16) (-2.03)
cc -174.83 -183.05
(=3.19 (=3.33)
WIN 2.00 1.44
(0.46) (0.2%)
2e 5.16 5.24
(2.50) (2.33)
TG -317.97 ~307.89
(=3.92) (=3.8L)
?.2 0.62 .82
SSE 67518438 66331464
OF 505. 3G4.

¢t values in parentheses
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3.3.2 The General - Choi ce Mbdel

The activity or action of record at HTOis not the enjoynent of view ng
services but the nunber of individuals purchasing access to the viewi ng site.
At any particul ar adm ssion price, the quantity of access supplied is assuned
to be perfectly elastic within the range of realized visitation. Gven this
perfect elasticity of supply, a demand function can be estinated through sinple
regressi on techni ques and wi thout reference to problens of sinmultaneity.

The demand for access to HTO may be thought of as derived froman
i ndi vi dual ’ s use of access in producing view ng services giventhe characteristics
of the observatory, the city skyline, and environmental conditions including
visibility. The npst notabl e aspect of demand is that, at the individual |evel,
it is discrete: an individual either accesses Tower services or does not.
Borrowi ng fromthe relevant literate on discrete choi ce (Donenci ch and McFadden),
aggr egat e demand can be represented by

(3-1) VSTt = Ntrr >

wher e VSTt is total visits on day t, Nt is a pool of potential visitors on day
t, and vis the probability that an individual in Nt visits the HTO. Mire
specifically, =is the probability that the utility gained by an individual
t hrough a set of activities that includes an HTOvisit is greater than the

utility of all sets of activities that do not include a visit to HTO
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Vari abl es rel evant to the determ nation of Nt and T can be identified
by consi dering the abbreviated “deci sion tree” (Donencich and McFadden)
givenin Fig. 3-1. On any particul ar day one can i magi ne that individuals
sort thensel ves out over nutual |y exclusive activities as indicated by the
direction of the arrows in Fig. 3-1. However, as the literature on discrete
choi ce points out, the flowof information and choice is just the reverse of the
sequence of actions. That is, individual choice begins at Branch 4 in

Fig. 3-1.  To make the Branch 3 deci si on bet ween downt own activities and
other alternatives, the individual must first select the opti nal package of
downt own activities. The decision at Branch 3 can then be nade optimally by
conparing the utility gained fromthe best set of downtown activities with
the utility gained fromthe best set of alternative activities.

To identify variabl es rel evant to choice, decisions represented in

Fig. 3-1 are partitioned into those nade in the longer run and those made in
the short run. For exanple, choices above Branch 3 are likely to require
maj or conmitnents of personal resources and be relatively fixed by long term
contracts. For these | ong run decisions, the nobst inportant variables to the
HTO visit choice are likely to be tine series variables. Cearly, for the
i ndividual, relative prices contenporaneous to the | ong run deci sion may be
inportant indicators of future relative prices. However, in the research
probl emat hand, this portion of the the individual's information set renains
unobservabl e and nust be relegated to an error term Tinme series vari abl es,
however, are observable and are likely to be quite pertinent to long run
i ndi vi dual planning. For instance, seasonal merchandi zi ng sal es and weat her

condi tions are probably best judged by seasonal or other time series variables
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FI GURE 3-1

Deci si on Tree for Choice of Activities
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Specifically, for purposes of long run decisions, an individual can expect
prices at downtown shopping areas to be relatively high in Decenber but | ow

in January; it is likely to be cooler in January than in July but whether
January 1 or January 7 is colder is largely a matter of random occurrence.

In addition, day of week effects nay enter due to conventions of a 40 hour
wor kweek and wor k scheduling. For the | ong run decisions of |ocation and
wor k/ | ei surechoice, the information (potentially observable by the
researcher) passed back up the decision tree therefore depends | argely upon seasona
and other tinme series considerations. Thus, if decisions above Branch 3

are primarily long run decisions, we can wite the pool of potential HTO
visitors on day t at Branch 3 as a function

(3-2) Nog = Vap(s.de) s
where s is a vector of tinme series variables, dis a vector of day of week
dummy variables, and e is an error termintroduced for unknown price

i nfornmation used by individuals.

For individuals within NtMU a deci sion regardi ng the day’s excursion
must be made. Assuming that the choi ce between downt own and ot her activities
is fairly decisive and that variables specific to HTOcontribute rather little
to choice at Branch 3{ the only variables affecting choice at Branch 3 that

are also potentially observable by the researcher are | ocal weather conditions.

Entering these | ocal weather conditions as a deterninant of the visitor pool

! The assunption is not entirely unreasonable. O the individuals sanpled at
HTO, 75 percent indicated that their visit HTO was only a sidetrip and
apparently not crucial to their visit downtown.
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we can wite

(3-3) Nagp = Nogp(s:de)
where wis a vector of weather and environnmental variables and e is again
an error termintroduced for unobservables.

It is at Branch 4 that we can begin to nodel individual choice and
determne the relation between visitation, NtMLDH=VSTt’ and admi ssion ticket
prices. To begin, we assunme that an individual maximzes a honothetic utility
function subject to an excursion budget constraint prices, and environnenta
conditions. Maximzation is conditional upon the HTO visit/non-visit choice2
and we suppose that for all individuals the HTO visit is a sidetrip, an addition

to an otherwise fixed itinerary. For a typical individual or group of

i ndividuals, conditional indirect utility funcitons are

(3-4) Vh Cm‘nph) = Vh (p,w) (m'nph)
if the individual visits the HTO and
(3-5) vom = vo(p,w)m

i f the individual does not visit the HTO where mis the excursion budget, p

Is a vector of prices of ordinary (continuous) mnarket goods, wis again a

vector of weather and environmental variables, n is the nunmber of individuals

within a typical visiting group, Ph Is the price of adm ssion, and npp IS

the fixed cost of gaining access to HTO. Taking log transformations of (3-3)
and (3-4), and letting up=lnv, < hﬁrnnq? and Uy= 1nv0 + 1nm, the probability

that an individual i inXN visits HTO can he witten

TOLD
(3-6) T = Prob( W ot

“hi %o T “ei )

2 L Lo . ,
Smal | and Rosen have suggested the conditional maximzation process in dealing
with discrete choice.



195

wher e 2 and z,; are the respective deviations of individual utility from

the utility of the typical individual. Eq. (3-1) can now be witten
(3-7) VST, = Nyop™

= Nagp(s,d,w,e)m (p,w,mn,p.).

Assumi ng that 2 and z are extrene value or Veibull distributed, ™,

can be witten in terms of the cunulative logistic distribution (Donencich

and McFadden):
(3-8) VS'I‘t = NtMLD( vh(m-nph)/( Vh(m-nph) * v m ),
wher e = (vh (m-nph) / (vh (m-nph) +Vom) .
To proceed further with specification, specific funtional forms nust

be applied to Nt wo Vi and v.. For present purposes the nost tractable

0
functional formis the general Cobb-Douglas (CD) form xaexp(b+cy+e) wher e

X is a continuous variable, y is a dummy variable, e is a log-normally

distributed error term and a, b, and ¢ are the coefficients of interest.
Applying this general CD formto the aggregate demand equation in eq. (3-8)

an estimable formis

(3-9) ]_nVSTt = InA(s,d,w,p,e) + ln(m-nph) + ln(vh(m-nph)«‘-vom) R
where A(.) is of the form xaexp(b+cy+e). Because we have no infornation on
the typical excursion budget or group size of individuals in Xt VLD the |og
terms which include mare replaced by first order Taylor series approximations.
The approximation to be estimated is

(3-10) anS’ft =ay * InA(s,d,w,) + bﬂph + Ine »

where again A(.) is of the general CD form 8 is a constant term and P

enters the equation in level formwth coefficient bl'
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Gven an estimate of eq. (3-10), it can be shown by direct intergretion
that approximate total surplus is defined by estimated visits, v3r , divided

by the coefficient of admssion price, bl' Thus, approxi mate average or

expected surplus obtained per person visiting HTO is

w’s‘r/ﬁl)v's“r

(3-11) AVCS

l/b1
Because the error bounds on 31 are straightforwardly cal culated, AVCS is
sel ected as the basis of contrasting demand-based val uation wth contingent

val uation in the HTO case.

3.3.3 The Contingent Valuation Experiment

During the Spring of 1981, a contingent valuation instrument was designed

that would elicit the maxi mum willingness to pay (MMP) for access to HTO3'

During the summer of 1981, contingent valuations of visiting groups at HTO
were recorded. Valuations were obtained under a variety of environmental
conditions and, by the end of the summer, 319 usuable observations had been
recor ded

Ta. 3-11 displays the results of the contengent valuation experinent at
HTO. MAMP is the maxi mum willingness to pay elicited. ADMCOST gives the
average actual cost of admission. Average SURPLUS per group is MATP ninus
ADMCOST or an average of 3.93 dollars. Finally, average GROUPSI ZE was 2. 67

for groups during the sumrer of 1981.
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TABLE 3-11

Results of the 1981 Contingent Val uation Experi ment

at the Hancock Tower Observatory

Vari abl e Sanpl e I\/taan1 St andard Error
MATP 9.43 . 428
ADMCCOST 5.50 . 199
SURPLUS 3.93 . 314
GROUPSI ZE 2.67 . 115

1

Nunber of respondent groups was 319. Means in this Table are
conput ed for groups, not individual persons. Covariance between
SURPLUS and GROUPSI ZE is 4.59.
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During the Spring of 1981, the HTO management apparently decided to
experinent with well-publisized price variations in order to determne the
relationship between price and attendance. For the purpose of estimating
demand, the price variation was sufficient enough for a statistically
significant estimate of the coefficient on adm ssion price as shown in
Ta. 3-13. By using the variable definitions given in Ta. 3-14, it is
clear that the overall specification of the estinated equation (Ta. 3-14)
paralleled the identification given in eq. 3-10. Rel evant statistics
for the secondary data are given in Ta. 3-15

The coefficient of central interest is the coefficient on adm ssion
price, the variable PP. By inverting the coefficient and using the
approxi mation fornulas given in Mod, Gaybill, and Boes (p. 181) for quotients
of random vari abl es, average surplus, AVCS, was conputed and is presented in
Ta. 3-16. | the same Table and conput ed using the same approxinmation fornul as,
the average from contingent valuation (AVCV) is also given. Gven the fairly
| arge sanple sizes, az statistic was conputed for the difference between
AVCS and AVCV and is also given in Ta. 3-16. Quite clearly, the z statistic
indicates no statistically significant difference between the two neans at

conventional |evels of significance.

The Hancock Tower Chservatory in Chicago offered conditions suitable
estimates of both a demand based val uation of access to the Cbservatory and
a contingent valuation of access. Gven the functional form devel oped for

aggregat e demand, average consumer surplus per person-visit to the Tower



TABLE 3-13

Regression Estimates of an Aggregate Demand for Access
to HTO, March 15 to May 31, 1981
PARAMETER STANDARD

VARIABLE DF ESTIMATE ERROR T RATIO FROB=1T3
INTERCEPT 1 -33.479816 14.598137 -2.2934 0.0253
LNVIS 1 0.139551 0.054726 2.5500 0.0133
PP 1 -0.532835 0.192970 -2.7612 0.0076
MAR 1 0.327406 0.195630 1.6736 0.0994
MAY 1 -0.334280 0.125514 -2.6633 0.0099
M 1 -0.171819 0.181041 -0.9491 0.3464
TU 1 -0.348115 0.159548 -2.1819 0.0330
W 1 -0.126686 0.158907 -0.7972 0.4285
F 1 0.375736 0.158148 2.3758 0.0207
S 1 0.786929 0.158722 4 _.9579 0.0001
SUu 1 0.271636 0.161977 1.6770 0.0987
RAIN 1 -0.926709 0.215838 -4.2935 0.0001
TSC 1 -0.00239967 0.001542321 -1.5559 0.1250
FOG 1 -2.295919 0.297832 -7.7088 0.0001
LNWIN 1 0.034347 0.128057 0.2682 0.7895
LNTMK 1 7.136954 2.612609 2.7317 0.0083
LNT 1 0.232934 0.116005 2.0080 0.0492
HAZE 1 -0.090610 0.395829 -0.2289 0.8197

SSE 7.601226 F RATIO D)

DFE 60 PROB>F 0.0001
DEP VAR: LNTVST MSE 0.126687 R-SQUARE 0.8759

66T
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TABLE 3-14

Definitions of Variables Used in Estinating

Aggr egat e Dermand

Vari abl el Definition

LNVI S Log of visibility where visibility is neasured
inmles.

PP Price of adnmissionto HTOin dollars.

MAR Mont h of March dummy vari abl e (March=1, 0 ot herwi se).

VAY Mont h of May dummy vari abl e (May=1, 0 ot herwi se).

M TU W Day of week dummy variabl es (No dummy vari abl e

F, S, SU entered for Thursday).

RAI' N Proportion of day inwhichrainfell.

TSC Total sky cover in percent.

FOG Proportion of day with fog.

LNW N Log of w nd speed where wind speed i s neasured
i n nph/ 10.

LNTMK Log of tenperature where tenperature i s in degrees
Kel vi n.

LNT Log of a time series variable beginning with 1 on

March 15 and runni ng consecutively through t he
intergers to 78 on March 31.

HAZE Proportion of day with haze.

L Al'l weat her observations except visibility were recorded at O Hare
International Airport in Chicago. Visibility was recorded at HTO
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TABLE 3-15

Sanpl e Statistics for Variables Used in

Estinmating Aggregate Demand, March 15 to May 31, 1981

VARI ABLE MEAN + STANDARD

DEVI ATI ON
LNTVST 6. 58799580 0.89175811
LNVI S 2.56384683 1.12190785
PP 2.13141026 0.28411505
MAR 0.21794872 0.41552458
MAY 0.39743590 0. 49253502
M 0.14102564 0. 35030076
TU 0.14102564 0. 35030076
W 0.14102564 0. 35030076
F 0.14102564 0. 35030076
S 0.14102564 0. 35030076
suU 0.15384615 0.36313652
RAI N 0.11111111 0. 25576565
TSC 69. 35897436 32.98544737
FOG 0.06410256 0.20142130
LNW N 2.40314246 0. 37150081
LNTMK 5.65218864 0.02217227
LNT 3.39643141 0.91573362
HAZE 0. 04273504 0.12436244
TVST* 931. 61538462 567. 76436101
VI SB1** 20. 26533862 15. 42756495

:*Tot al daily visits recorded at HTO

Visibility in nmiles recorded at HTO

* Nunmber of observations equals 78.
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TABLE 3- 16

Esti mates of Mean Per Person Consuner Surpl us

Obt ai ned by Access to the HTO

Mean per person surplus fromaggregate
demand estimate (AVCS): $2.12

Vari ance: . 462

Mean per person surplus fromcontingent

val uation estimates (AVCV): $1. 47
Vari ance: . 0120
Test statistic: z=(212- 1.47) |/ .688

Concl ustion: Do not reject null hypothesis of no
significant difference between AVCS
and AVCV.




203

enbodi ed the nost desirable statistical properties. On the basis of a
conmparison of average estimated surpluses, the hypothesis of a statistically
significant difference between demand-based and contingent val uation was
rejected. Thus, consistent with the results of other researchers,

contingent valuation is shown to performat |east as well as the next best

operational alternative in valuation
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3.4 VI EW ORI ENTED RESI DENCES

Clean air and attractive vistas are firnmy established as val uable
di nensions of environnetnal quality. Analysis shows that there are substan-
tial benefits derived fromclean air and that it is a valuable resource in-
deed. Typical is the housing narket analysis of Bender et al. (1980) which
shows that for a uniform 20 percent reduction in particulate concentration
in Chicago the average household is willing to pay approxi mately $600 per
year. Using a survey approach Brookshire et al. (1982) estimate that the
typi cal household is willing to pay approxinmately $310 per year for a 30
percent reduction in pollutant concentrations in Los Angeles. Further
anal ysis shows that attractive views yield benefits to which approxi mately
9 percent of sone house prices in Sydney (Abelson, 1979) and 15 percent of
some rents in Chicago (Pollard, 1977) can be attributed. Rowe et al.
(1980) find that people will bid approximtely $100 per year for clear,
unpol luted vistas in the Grand Canyon National Park Area

This study takes as its point of departure an earlier paper, "Visibility,

Views and the Housing Market" whi ch suggests that intensive
anal ysis of vieworiented submarkets of the residential housing narket
woul d be productive. The objectives of this research are: (1) to measure
the val ues of views and view characteristics including visibility using
a survey instrument which establishes a contingent market for each; (2)
to measure the values of views and view characteristics using a hedonic-
demand anal ysi s of housing consunption for the same group surveyed and
(3) conpare the contingent values from the survey and the inplicit values

fromthe housing market for individuals dwelling in vieworiented residences.
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To insure conparability, a survey was conducted among Chicago
residents of high-rise buildings along Lake Mchigan. The survey
instrument was designed to elicit contingent values for views, view
characteristics and visibility and to get fromthe sane individuals
sufficient information to estimate the values of some of the sane
anenities fromtheir housing consunption. An abbreviated bidding gane
was used to obtain contingent values. During the period My through
Septenber 1981, a team of interviewers collected 208 responses from
residents of 10 high-rise buildings located nmostly north of Chicago's
Loop. Although further verification was warranted, the integrity of

the data was well enough established that some results can be reported.

3.4.1 Contingent Values for View Oiented Residences

3.4.1.1 WIllingness to Accept Paynent for No View

Residents of units with relatively unobstructed views of the |ake
and/ or Loop were asked how nuch their nonthly housing payments woul d
have to be reduced for themto choose a unit with no views. O those
who responded, 92 percent replied that the amount woul d have to be
greater than $50; only 8 percent replied that they would choose a
view ess unit for a $50 reduction. The nean of the responses to the

query about the mni mum anount individuals would be willing to accept
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for loss of viewis $169.39. It should be noted that this is average for
only 40 percent of the sanple and does not incorporate the 60 percent who

bid zero, an infinite amount or did not respond.

3.4.1.2 WIlingness to Pay for Lake View

Residents who do not have an unobstructed view of the |ake were asked
how much their nonthly housing payment could be increased if they got a
good | ake view. O those who responded, 52 percent replied that the anount
could be nmore than $30; 48 percent replied that they would choose their
current unit without a lake view if the amount was $30 or nore. The nean
of the responses to the query about the maxi num anount individuals woul d

be willing to pay for a lake view is $43.06.

3.4.1.3 WIllingness to Pay for a Unit which I's Ten Floors H gher

Al'l residents were asked how nuch their nonthly housing paynents coul d
be increased if they got otherw se identical units 10 floors higher than
their current units. O those who responded 73 percent replied that the
amount woul d have to be less than $30; 27 percent replied that they woul d
choose the higher unit even if the paynents increased by $30. The nean of
the responses to the query about the maxi num amount individuals would be
willing to pay for the higher unit is $25.32. The average is based on

responses from 79 percent of the 208 people surveyed.

3.4.1.4 WIlingness to Pay for Better Visibility
Al'l residents were asked how nuch their nonthly housing paynents coul d
be increased if they got nore days with better atnospheric visibility. This

improvement in visibility was described by showing residents 9 color photographs
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whi ch depict three Chicago |akefront vistas under visibility conditions of

3 mles, 13 mles and 30 mles. These ranges occur throughout the year and
under current conditions there may be 12 consecutive days of 3 mle visibility.
The specified inprovenent would reduce to four the number of consecutive days
with only three mle visibility. Al people surveyed responded and 65 percent
replied that the anmount their nonthly payments could increase would be $10 or
nmore; 35 percent rplied thay they would choose current visibility conditions
if they were to pay $10 per nonth. The nean of the responses to the query
concerning the maxi num anount individuals would be willing to pay for the
inprovenent in visibility is $14.27. The average is based on responses from

99 percent of the 208 people surveyed.

3.4.1.5 Inplicit Value from the Housing Market
Using the sanme survey instrunent containing the contingent valuation experi-
ments, data on housing consunption and consuner characteristics were collected.
Sone tentative estimted can be nade from a housing hedonic equation for
renters. The housing hedonic equation is
(3-12) RENT = 100.96 + 28.950 TOTROOMS + 83.918 BATES + 0.0816 AREA
(2.90)  (3.77) (1.98) (1.75)

+ 41.995 CARPET + 19.994 DI SHWASH + 2.6219 FLOOR
(3.31) (0.72) (2.67)

+ 0.0139 WARUN + 0.21135 LWARA
(0.09) (1.53)

R = gs37 F=2844 n =48

where RENT is nmonthly rent in dollars, TOTROOMS is total rooms, BATHS is

nunber of bathroons, DISHWASH is 1 if the apartment cones furnished with a
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di shwasher and 0 if not, FLOOR is the nunber of floors up the apartnent is
in the building, WARUN us square feet of total wi ndow area with unobstructed
view, and LWARA is square feet of w ndow area with an unobstructed view of
Lake Mchigan. O the viewrelated characteristics, FLOOR is significant
at the 2 percent level, LWARA is significant at the 14 percent |evel, but
WARUN is not significant at any reasonable |evel

Estimtes based on this housing hedonic equation may be biased and
i mpreci se since (1) relevant housing characteristics may have been onitted
(2) the functional form of the hedonic housing equation may be nonlinear,
(3) the benefits mght have to be estimated from demand equations and not
directly from the average hedonic prices, (4) the remining 160 residents

may differ fromthe 48 in the sanple, and (5) data errors may renain.

3.4.1.6 Inplicit Value of a Unit which Is Ten Floors Hi gher

The value of height and the associated breadth of view is obtained
by multiplying the coefficient of FLOOR by the 10 floor change in height.
The value of the increase in height is (2.6219)(10) = $26.22 per nonth.
This value is remarkably close to the contingent value of $25.32 from the

bi ddi ng experinment.

3.4.1.7 Inplicit Value of a View

The value of a lake or Loop view would be obtained by adding the products
of the coefficients of WARUN and LWARA with their respective changes in w ndow
area. Performing the calculation gives an inplicit value which is approm -
mately one-third of the average contingent value. However, the difference
could be easily due to 44 percent of the contingents bids being excluded

fromthe sanple and the (perhaps overly) restrictive definition of WARUN.
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3.4.2 Estimates of the Values of Views and View Characteristics

The simlarity of the contingent and inplicit values for height (10
floors up), the high response rate on the bidding experiment and the highly
significant coefficients in the renters' housing hedonic equation are favorable
to the use of contingent value of better visibility for policy analysis.
Aggregation of individual values over the popul ation residency in the view
oriented submarket would be straightforward, but it nust be recognized that
this subgroup has high annual incomes (the average is $33,000) and is well-
educated (the average is some graduate work). Values of views and visibility
fromthis submarket nust be considered in the social value of inproved air
quality, but they are likely to be higher than those values of the entire

popul ation which is less oriented to views, view characteristics and visibility.
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3.5 AR AND AUTO TRAFFI C

3.5.1 Visibility and Air Traffic

Lowered visibility inposes costs on air travelers in many ways. |f
visibility falls below three mles, all traffic must operate under Instrument
Flight Rules (IFR). Al general aviation for flight training or recreation
which is not IFR rated nmust terminate. The people engaged in general aviation
| ose the benefits gained fromflying, aircraft rental operators |ose revenue
and airports also lose revenue fromlanding fees. Those still engaging in
aviation experience losses in waiting tine since aircraft nust naintain
greater increments between each other under |FR conditions. Not only do
travel ers experience time costs in queuing, but also may mss connecting
flights or appointnents. Under lowered visibility, the probability or air
accidents also increases. If visibility is poor enough to cause an in-flight
diversion, the traveler’s involved and airlines suffer |osses. The nature
of these costs are discussed in detail, and a formal economic nodel devel oped
later in this section. This nodel captures consuner behavior under visibility
constraints on air travel and provides a framework for neasuring the net cost
or benefits of lowered visibility on air travel

In the next section, a generally used method of neasuring the
cost/benefit structure is outlined and critiqued. A formal nodel of utility
maximzation is presented. Finally, enpirical estimates of visibility effects
on total take-offs and landings at three Chicago area airports are presented

and discussed within the context of the econon ¢ nodel

One procedure used in estimating net benefits is to regress the affected
variable on a vector of independent variables. 1In this case, air traffic
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counts would be regressed on visibility (possibly current and |agged), and

a vector of other weather variables. The equation would resenble

(3-13) Cir T % * oy Vip * 2 Nyp v ey

wherecC, is traffic counts at the ith airport in period t. W, andV, are
vectors of airport-specific weather and visibility variables in time t, and
€t the stochastic error term o Is taken to be the effect of changes in
visibility on traffic counts. In |og forma1 Is the elasticity of traffic
counts with respect to visibility. Then an average value for a traffic
count is determned and if o = 10% then a one percent change in o woul d
inply a 10 percent decrease in counts. So the nunmber of counts lost tines
the average value is the cost of decreased visibility.

When presented in this way, several inportant points energe. Besides

the obvious problemis assessing the value of a count lost, o, iS neither

1
a supply nor a demand elasticity. It is an amalgam of supply and demand

effects. Consider the sinple supply and demand structure:

(3-14) CD=Y1 Vet x, W+ v P
(3-15) cS

S

Setting counts supplied (C) equal to counts denanded (C% yields a reduced

formequation for the equilibriumcounts (CQ:
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If eq.(3-13) and (3-14) were the true underlying structure of supply and
1 -1 Yy Bl . _ o
) C;—-- E—‘)s wher e Yy 1S the price elasticity

demand, then « =C3— -3
Y 3 3 °3

S E
of counts demanded, 8, is the price elasticity of supply, ' is the visi-

bility elasticity of demand and 8, is the visibility elasticity of supply,
Clearly, interpreting ¢ as an elasticity is incorrect. In fact, a; cannot

be shown to be an upper or lower limt of the true underlying elasticities

| | 15
since the sign of (= - ==) is anmhiguous.
Y3 B
Even if oy could be shown to be a limting case of the underlying

parameters, just multiplying e tines the count value does not give a true
social cost. The count value chosen is usually an aircraft rental fee, or
a plane ticket price. These are at best |ower bound estimtes of the true
cost of the delays. They do not include the social cost due to inefficient
al location of resources.

In this section, the problems of infering social cost estimates from
reduced form equations with no underlying structural nodel have been dis-
cussed. The inportance of structural nmodels in interpreting reduced form

coefficients was shown.

3.5.2 A Mdel of Ar Traffic Responses to Lowered Visibility

Air transportation is an input to a demand for |ocation change. Y, or
| ocation changes, is the produced good directly entering the utility function.
In meeting the demand for a Y, the individual choses the |owest cost conbina-
tion of productive inputs. Among the possible conbinations is air travel,

either purchasing a ticket on a commercial airline or chartering a flight.
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There is also a time input involved which is the trip to the airport, the
time of the trip itself, and waiting tine. Visibility affects the tinme
conponenet of air transportation by increasing the landing or takeoff queue
Consequently, the magnitude and direction of the visibility effects on pur-
chased inputs can be analyzed. The purchased input on which the analysis
focuses, in the aggregate, is the nunber of take-offs and |andings per day
in Chicago area airports. The nodel presented bel ow devel ops a nethod of
estimating the true social cost of visibility changes on Y by anal yzing

effects in the input, or counts, market.
Following Tolley (1972), the demand curve for Y is
3-17 P = F(Y) ,
(317, = FD)
where Y is produced according to
(3-18) Y =Y(z,v) ,

v is the level of visibility which acts as a cost shifter. That is, changes
inv affect the amounts of x needed to produce the same level of Y. Fromthis

framework the marginal cost of Y can be derived

(3-19) P =P, (

1
y,(2,V) )
The right hand side of (3) is the marginal cost of producing Y, and Y. is the
margi nal productivity of z in the production of Y
The question to address is what are the costs associated with a decrease

invisibility in the framework presented by eq. (3-17) and (3-19). Fig. 3-2
reproduced from the Tolley paper, shows that a decrease in visibility shifts
the cost curve back, while |eaving demand for Y unaffected. The social cost

associated with this shift is the shaded area. The analytic solution of the

area is
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Y
(3:20) ¢ (v =f P ¥, 4T,

Y
o}

where Yoy Is the effect on the marginal productivity of z of a change in v.
In order to viewthis cost in the franework of a nodel for counts, this
area nmust be transfornmed.

By substituting eq.(3-19) into eq.(3-20), this area is

3-21 e Lzv
( ) Cz(.‘_f) f Pz —‘C dz .
z
(o]
Y
P, I's the supply curve for z, and sz can be viewed as the percentage
2

change in z's marginal productivity resulting fromthe change in visibility.

The graphical analog to (3-21) is shown in Fig.3-3. P, is an upward

sl oping supply curve for 2. [%(Vo) is the denmand for z derived fromthe

demand for Y under visibility Vo l%(vl) is the demand for z at the |ower

visibility level v The cast associated with this fall in demand is the

1
shaded area in Fig.3-3. So, if P, were invariant to changes in visibility,
the area ABC would be the associated social cost.

Now, consider the problemof a shift in Pt due to a change in visi-

bility. The supply curve Pt can be viewed as the standard supply curve of

an exhaustible resource. Fig. 3-4 presents the supply of counts curve for
an airport. As p*, the landing fee associated with this particular airport
the supply of counts is conpletely elastic up to z, the technol ogi cal or

| egal bound on the nunber of counts Which can be supplied per period. The

effect of decreased visibility is to add queuing time due to in-air stack ups
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and take-off delays. Thus, at sonme point 7' the supply curve begins to
slope upward reflecting this increased true cost. The effect of visibility
changes is to shift z" across the interval (0,z) and thus shift the upward
sloping portion of the supply curve

The cost associated only with a shift in the supply of counts due to
visibility changes is, as in the prior case of changes in costs of Y, the
area between the two cost curves. Fig.3-5's  shaded area is the cost asso-
ciated with a shift of supply only. The conplete cost is derived froma

shift in the supply and demand for counts--which means combining the shaded areas

Using the theoretical nmodel constructed in the previous section, a frame-

work for estimation can be developed. Consider the sinple structural model below.

D , D N
(3-22) Cle =% T ™M Py, ¥ o, Vo 8%,

S _. . S \ oz
(3-23) Cle = Vo ¥ 7y Byp T ¥ Vi 7 2250
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Eq. (3-22) is the demand curve for counts. Counts demanded are specified
as a function of landing fee and tine costs (P?t),visibility (Wt), and a
vector of other weather - related variables (3, ) at airport i for tine t.
Counts supplied are also expected to be a different function of the sanme
variables. Some of these parameters can be signed a priori. ey is expected
to be negative since an increase in price decreases demand. ¢y expected to

be positive since visibility decreases |ower counts demanded by increasing

time costs. I's the standard positive effect in supply of price increases.

1
i) IS expected to be positive since decreases in visibility decreases the
amount of counts supplied.

The reduced formequation for counts is

Q Y o Y 8 =S
(3-24) ¢y, = = [(a_o S G —)3{—] '
171 1 1 N1 11
. . S 1 @ Yy .
The reduced form paraneter associated with visibility, (——) (<=--—=), 1is
171 11

expected to be positive in sign, but the underlying structural paraneters are
unidentified. By making some assunptions about relative magnitudes of o and

Yy» @ range of values for « can be established for the cost-benefit analysis

2°"2

di scussed in the previous section.
Ta. 3-17 presents the results froma regression of total daily traffic counts

at Aurora Airport on a vector of weather variables. Ta.3-18 defines each of

the regression variables. Al continuous variables are in logarithm One

drawback of the data is that weather conditions are available only for O Hare
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TABLE 3-17

Classical Least Squares Regression Estinmates
of Total Traffic Counts for Aurora Airport

DEPENDENT VARI ABLE: LTOTO

SSE 374. 402890 F RATION 2279.71
DFE 645. PROB > F 0. 0001
MSE 0. 580470 R SQUARE 0. 9815
PARAMETER STANDARD

VARI ABLE DF ESTI MATE ERRCR T-RATIO PROB > T

LVI'S 1 0. 413987 0. 077050 5.3730 0. 0001

LCL 1 -0. 104677 0. 044098 -2.3737 0.0179

LV6 1 -0. 282124 0. 085868 - 3. 2856 0.0011

LWD 1 0. 006086538 0. 037512 0.1623 0.8712

RA 1 -0. 00882506 0.001742717 -5. 0640 0. 0001

SN 1 -0. 00699878 0. 001800427 -3. 8873 0. 0001

FG 1 -0.014861 0. 001654214 -8. 4838 0. 0001

LTEM 1 0. 398944 0. 050810 7.8517 0. 0001

M 1 3. 923506 0.570428 6. 8782 0. 0001

T 1 3. 994875 0.560049 7.1331 0. 0001

w 1 4.033440 0. 566187 7.1239 0. 0001

R 1 4.077325 0. 559592 7.2862 0. 0001

F 1 4.125296 0.571374 7.2200 0. 0001

S 1 3. 862951 0.571230 6. 7625 0. 0001

SU 1 3. 739265 0. 568384 6.5788 0. 0001
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TABLE 3-18

Regression Variable Definitions

LVI S
LCL
LW6
LWD

SN
FG
LTEM

nwn T xmm s 42

Visibility at O Hare International Airport (in Logarithns)
Ceiling at O Hare International Airport (in Logarithms)
Wnd Speed at O Hare International Airport (in Logarithns)
Wnd Direction at O Hare International Airport (in Logarithns)
Discrete Variable indicating presence of rain at O Hare
Discrete Variable indicating presence of snow at O Hare
Discrete Variable indicating presence of fog at O Hare
Tenperature in degrees Fahrenheit at O Hare (in Logarithms)
Monday dummy for day of week effects

Tuesday dummy for day of week effects

Wednesday dummy for day of week effects

Thursday dummy for day of week effects

Friday dummy for day of week effects

Saturday dummy for day of week effects

Sunday dummy for day of week effects
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International Airport. Thus, to the extent that weather conditions vary across

airports, this analysis will be in error. However, all airports fall within a

20 mle radius of the Chicago Loop area, so mmjor weather changes are unlikely

Landing fees over the sanple are also unavilable. The regression equation

estimate is

(3-25) c, =a +alVis +a

; WS 4+ o, LWD + a A+
it o T %1 QLCL, + @, LWS, + o LW + agRa,

r
SNt+a Gt+a

+
776, + 5glTa, *ED ¢

%s 8 £ o
where D, is a vector of day of week dummies and €, is the white noise error
term The high value of the F-statistic and R-squared in Table 3 inidcates
that the regression has high explanatory power over the sanple. The visi-
bility parameter is positive, as expected and quite precisely estimated. Al
parameters are of the expected sign except for that associated with LCL. The
negative value indicates that as the ceiling increases, traffic counts fall
Wnd direction effects are small and inprecisely estimted. However, it is

included in the regression to capture differential runway capacity effects at
nul tiple runway airports

Ta. 3-19 presents the estimates for DuPage County Airport. Again,
the visibility coefficient is positive in sign and precisely estinmated. Its
value of .392 is quite close to the visibility coefficient at Aurora of .413
The negative effect of ceiling height again occurs, and the effect of wind
direction is larger than at Aurora but is inprecisely estimated. The high

F-statistic and R-squared values again indicate a good fit
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TABLE 3-19

Classical Least Squares Regression Estinates
of Total Traffic Counts at DuPage County Airport

DEPENDENT VARI ABLE: LTOTO

SSE 90. 172072 F PATIO 3270. 19
DFE 319. PROB > F 0. 0001
MSE 0.282671 R- SQUARE 0. 9935
PARAMETER STANDARD
VARl ABLE  DF ESTI MATE ERRCR T- RATI O PROB > T
LVI S 1 0.391728 0. 076608 5.1134 0. 0001
LCL 1 -0. 104518 0. 043144 -2.4225 0. 0160
LWS 1 -0. 485604 0. 084391 -5. 7542 0. 0001
LWD 1 -0. 037855 0. 036887 -1. 0263 0. 3055
RA 1 -0. 00582789 0. 001709277 - 3. 4096 0. 0007
SN 1 -0. 012183 0. 001735787 -7.0189 0. 0001
FG 1 -0. 012260 0. 001619163 -7.5715 0. 0001
LTEM 1 0. 299262 0. 049938 5.9927 0. 0001
M 1 6. 328694 0. 562298 11. 2550 0. 0001
T 1 6. 443391 0. 551889 11. 6751 0. 0001
W 1 6. 393385 0. 557940 11. 4589 0. 0001
R 1 6. 498858 0. 5500934 11. 7961 0. 0001
F 1 6. 499807 0. 562287 11. 5596 0.001
S 1 6. 615916 0. 563341 11. 7441 0. 0001
SU 1 6. 526664 0. 560167 11. 6513 0.001
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Ta.3-20 reports the regression coefficients for Chicago's Meigs Field.
The visibility effect is positive as before, but is smaller at .25 than the
other airports where it was around .4. Ceiling effects are still negative
but wind direction effects, while small, are nore precisely estimated
than at other airports. Again, all other signs are as expected.

This section has reported on the estimated effects of visibility for

three airports in the Chicago area. Al of the regression equations have

very good explanatory power as indicated by their R2 and

F-statistic values. Visibility effects are strongly positive, and precisely
estimated at all sites. The next section attenpts to bound the range of
supply and demand elasticities of visibility by referring to the structura

model presented at the beginning of the section

As eq.3-24 showed, the paraneter associated with visibility in
the reduced formregressions is an amal gam of prior elasticities and the
true underlying elasticities of visibility. This section exam nes the
val ues of these visibilities under several polar assunptions in order to
determne a reasonable range for the true visibility elasticities.

Ta.3-21 presents the val ues of 2y the demand elasticity of visibility,
and Yo the supply elasticity of visibility at the three airports under
alternative assunptions about the relative price elasticities. As Ta.3-21
shows, if the demand and supply curves are unitary price elastic or price

inelastic, then the visibility elasticities are on the order of .4 or bel ow.

That is, a one percent decrease in visibility would yield at most a .4
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TABLE 3-20

Classical Least Squares Regression Results of
Total Traffic Counts for Meigs Field

DEPENDENT VARI ABLE: LTOTO

SSE 127. 117252 F RATIO 1491. 54
DFE 316. Prob > F 0. 0001
MBE 0.402270 R- SQUARE 0. 9861
PARAMETER STANDARD T-RATIO PROB > T
VARl ABLE DF ESTI MATE ERRCR
LVI S 1 0. 250323 0. 089207 2 8061 0. 0053
LCL 1 -0. 096790 0. 051904 -1. 8648 0. 0631
LWS 1 -0. 055751 0. 100681 -0. 5537 0. 5801
LWD 1 0. 063096 0. 044101 1. 4307 0. 1535
RA 1 -0. 00825438 0. 002051089 -4.0244 0. 0001
SN L -0. 00495015 0. 002105944 -2. 3506 0.0194
FG 1 -0. 012995 0. 00194284 -6. 6889 0. 0001
LTEM 1 0.273146 0. 059633 4.5805 0. 0001
M 1 3.716479 0. 671756 5.5325 0. 0001
T 1 3. 866213 0. 659868 5.8591 0. 0001
W 1 3.885791 0. 667383 5.8224 0. 0001
R 1 3. 835062 0. 659811 5.8124 0. 0001
F 1 3. 930859 0. 673699 5. 8347 0. 0001
S 1 3.274191 0. 672222 4.8707 0. 0001
SU 1 3. 159501 0. 669603 4.7185 0. 0001
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TABLE 3-21

Sensitivity of Visibility Elasticity
Estimates to Price Elasticity Assunptions

PRI CE ELASTI CI TY ASSUMPTI ONS

%2 T Y2 Yy = 2 %27 Y2 Y2 T 2% T2 T % Y = 2%
Gl = -,1 Gi = -1 @ = -.1 ay = -1 @y = -10 @y = -10
Al RPORT Yy = 2 Yy = 2 Y, = -.9 Yy = 1.9 Y, = 11 Yy = 11
AURCRA a,=.083 @,=.05 ap=14 ay=123 ay=43,3 ay=29,89
Y2='083 Y2='1 Y2=./+ Y2=‘5 *{2"-'45.‘ Y2=59" 77
= = = = ~N = =7
DUPAGE e, 08 3y 05 fy .35 e, 24 s 43.12 ¢y 28.3
*r2=.08 Y2= 1 Y2=-35 {2=.48 Y2=43.12 Y2=56.6
MEl GS oz_=.05 4= 03 a2=.23 a,= 15 a2=27.5 a2=18.0
Yo 05 yz—.06 y2=.23 y2=.30 72=27.5 v2=36.0
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percent decrease in traffic counts demanded or supplied. However, if price

elasticities are very large in absolute value, then the visibility elasticities

are also quite large. For the type of traffic at these airports, one would
expect to find a price elasticity which was quite small, thus inplying snal

visibility effects. However, notice that by eq. 3-24, what ever the price

elasticity is, given these results, visibility effects will be large in absolute val ue.

3.5.3 Visibility and Traffic Accidents

The automobile has become a way of l[ife in industrialized societies, and
closely associated with this fact is the annual increase in reported highway
casualties in the mjor cities. The Department of Transportation (1981) reports
there were 45,212 fatal accidents and 51,083 fatalities due to roadway usage in
the U.S. in 1979. The nunber of notor vehicles involved was 64,754 and the
accident rate was 3.35 fatalities per 100 nillion vehicle mles. For Illinois
there were 2,017 fatalities and the accidnet rate was 3.2.

The nunber of accidents is affected by those factors which determne
travel demand and travel behavior as well as by driving conditions. Severa
studies of traffic accidents exist which consider accidents to be the result
of the demand and supply of motor vehicle travel under various conditions.

Pel tzman (1975) devel oped a nodel of driver behavior and analyzed fatal accident
rates to estimate the inpact of national highway safety policy in the US. The

time series analysis of national data covered the period 1937-1972 and his cross-
section analysis of state data covered 1962, 1965, 1967, and 1970. He explicitly
recogni zed drivers' wutility maximzing use of safety inputs including those supplied

exogenously.  Peltzman incorporated into his study the earlier research by safety

scientists who focused al nost exclusively on driving conditions for the effect of
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traffic density and the like. Ghosh, Lees, and Seal (1975) nodeled drivers as
trading off safety and |ow fuel consunption rates for savings of time in choosing
their utility maximzing speed of travel. As part of their analysis they estimated
a production function for casualties on British notorways using nonthly data for
the period Januaryl972 to March 1974. The evidence indicates that relevant
factors include driver characteristics and driving conditions including weather

In addition to the research which centers on driver behavior, there is consi-
derabl e research on the contributions of vehicle and roadway design, and driving
conditions to traffic accidents. In Blomuist (1977), a search to identify factors
affecting seat-belt productivity found that vehicle speed, alcohol consunption
week-end and night driving, small cars, and high-speed travel on non-interstate

hi ghways each tend to increase the probability of a fatal accident.

Fatal Accident Reporting System 1979 gives facts and figures which quantify
the gross (as opposed to partial) effects of these and other factors on the nunber
of fatal accidnets. One of the relevant characteristics of the 1979 fatality pro-
file is that an overwhelmng majority of fatalities occured during clear weather
conditions. According to the Department of Transportation (1981), only fourteen
percent of the fatalities were associated with inclenment conditions. Wth rain-
slick or ice-slick roads being the worst weather conditions, one would not expect
atnospheric visibility to be domnant. However, it is identifiable and measurable.
Measuring the benefits of better visibility can be acconplished by: (1) esti-
mating the physical danage caused by poor visibility, and (2) placing a dollar value
on that damage. Qur analyses showed that while inprovements in visibility |ead
to decreases in nonfatal accidents, it also resulted in an increase in the probability
of fatal accidents. It was also found that a unit inprovenent in visibility resulted

in cost saving of 9.45 mllion dollars (1980 prices).
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In this study we examne the effects of weather (rain, snow, ice, fog),
visual range (visibility) and the seasonal variables on highway accidents in
Cook and DuPage counties in the Chicago SMSA. The data utilized in the analysis
covered the period fromJanuary 1978 to June 1980 and the highway casualties
are classified into two categories: fatal and non-fatal accidents. First is
provided a theoretical examnation of the effects of visibility on traffic
acci dents based on the assunption that travel cost mnimzation is the main
driving force behind the choice of vehicles, speed, direction of travel or
route in making a trip between given destinations. It is shown that while the
partial effect of inprovements in visibility on highway accidents is positive,
the total effect is anbiguous. Next are provided some econonetric estimtes
of the relationships between highway accidents - fatal as well as non-fata
and visibility, weather conditions and seasonal variables for Cook and DuPage
counties. It is inportant to note that only one dinmension of benefits from
visibility inprovements has been estimated--reduction in traffic accidents
O her inportant benefits, such as increases in speed and volune of traffic have
not been addressed. Thus, the benefits estimated in this section represent a
| ower bound of visibility inprovenent benefits

In this section, we attenpt to find out whether there is an unanbi guous
relationship between inprovements in visibility and accident rates, assum ng
that cost mnimzation is the mgjor driving force behind drivers' trave
decisions. Assune two urban comunities of the same socio-economc charac-
teristics, highway design conditions and popul ation size. At first thought,
nost observers woul d agree that the comunity with very poor visibility
conditions will be less safe (in terns of highway accident reductions) com
pared to the community with good visibility conditions, even thought poor
visibility mght lead to a slow down of speed and a decrease in the volune

of traffic
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Let us define an inprovenent in safety as a change in climatic conditions,

visibility, traffic volune, speed etc., which reduces the rate of traffic

accidents. In this respect, we are nore concerned with traffic volune, speed,
environmental conditions and visibility, while holding vehicle designs, road
conditions (e.g., potholes), highway design and other engineering characteris-
tics of the highway constant. Economc efficiency requires that the cost of
achieving a given level of safety be mninmzed. Let us assume that the
consuner conputes the price of travel as a solution to the problemof mni-
mzing the cost of travel to his or her destination where the cost of trave
i's made up of vehicles operating cost and the cost of accidents (neasured in
terns of what consumers will be willing to pay to avoid accidents). The
value of the motorists' tine, although positive, is not explicitly included in
the model. Let us further assume that decisions concerning choice

of vehicle type and direction of travel have already been made by the notorist,
Then the nost relevant variable under the control of the notorist is speed.

The notorist has no control over highway conditions such as traffic vol une

and the behavior of other motorists as well as the weather and visibility,

but all these variables do affect his cost of travel. If we assune that the
safety of a trip depends on speed, weather conditions, visibility, traffic
volume for given highway design characteristics, nechanical conditions of

t he automobile, age of driver, blood al cohol level etc., then the accident
rate AR = AR(\MIS, RC, SP, TV, O , where

VIS = visibility (e.g., visual range in mles) ,

RC = road conditions e.g., inches of rain, snow ice etc.
SP = speed,

TV =traffic volume in vehicle mles per highway mle,
O = other relevant variables.
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For sinplicity, let us assume that travel cost

(3-26a) TC = AC(sp) AR(MIS, RC, SP, TV, O + OC(sp) ,

where AC(sp) average cost per accident. It is assuned that accidents
whi ch occur at higher speeds are nmore costly in terns of the damages done

to life and property than accidents which occur at |ower speeds(aAc(su) N %
2(sp) '

OC(sp) represents the operating cost per mle. This may include the
value of the notorists' time. It is also assumed that, up to the relevant
speed limt, the nmarginal cost of a vehicle mle decreases as speed increases

W thout considering other environnental variables and visibility condi-

tions, the choice of speed to mnimze travel cost, TC, requires that

dTC
(3- 26h) == . = AR3(AC) AC3(AR) 3(0C) _
d(sp) 3(sp * 3 (sp) * 3 (sp) o
i.e.,
(3-26¢) [ARB(AC) +AC3(AR)] 00y
3Csp) 3(sp)d 5(sp)

Eq. (3-26c) requires the notorist to equate the narginal increase in
accident cost per mle (LHS) to the marginal savings in operating cost per
mle. For the extreme point to be a mninmm the second derivative of the
TC function, represented by Z, nust be positive.

Qur present task is to find the effect of inprovenent in visibility on

accident rates. To obtain the solution to this problem we totally differen-
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tiate the accident rate AR with respect to visibility,
Fromeq. (3-26a) the total effect of inprovement in visibility on

accident rates,

(3-26d) daR _ 9AR d(sp) 4+ AR L 38R 4TV
d(VIS)  3(sp) d(VIS) 3(VIS) ~ 3(@V)Y dQIsS)y
+) ) )

Let us assune that the partial effect of inprovenent in visibility on

accident rates, 3aAR , 1S negative and 3aR , which measure the partia
3 (VIS) 3 (sp)
effect of speed on accident rates, is positive. The third term 3aR . dTv

a(TV).  -d(VIS)
measures the effect of visibility on accident rates through its influence on

hi ghway congestion, TV. The partial effect of highway congestion on AR 3AR
(VY

is assumed to be positive i.e., nore accidents occur on congested urban highways

than on rural highways. For sinplicity, let us assume that the effect of visi-

bility on traffic volune is small and positive. The total effect of inprove-

ment in visibility on accident rates then depends on d(sp) 1.e., the tota
d(VISs)

effect of inprovement in visibility on speed

Total ly differentiating eq.(3-26b) hol ding RC, TV, and O constant. we

obtain
) d(sp) _ _[aca2ar L 3AC AR -1
(3-26¢) a(vis) ’[@)é (sp)3(VIS) ~ 3Csp) 3wis) | & ° )
) ) (=)

where Z represents the second derivative of cost per mle with respect to

speed. This is positive.

The average cost of an accident, AC, is positive and 32x3 whi ch
JEEGEN
measures the effect of an inprovement in visibility on the rate at which accident
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rates change with respect to speed, is assumed to be negative, i.e., accidents
are nore likely to increase |ess, for given speeds, follow ng inprovenents in

visibility. Since accident costs are nore likely to increase with speed, 3AC

3(sp)
is positive, which nmakes the bracketed termin eq.(3-26d) negative. Thus d(sp)
-dEVIS)
is positive i.e. inprovements in visibility encourage higher speed |evels,
Substitutingd(sp) . 5 jnto eq. (3-26d) the sign of dAR , the tota

d(vis) TVIS)

effect of an inprovement in visibility on accident rates, becones anbiguous

3.5.4 Analysis of H ghway Casualties in DuPage and Cook Counties

3.5.4.1 Enpirical Analysis

Data on the number of fatal and non-fatal accidents have been collected
for Cook and DuPage counties from January 1978 to June 1980 on daily basis.
Visibility data, measured in terms of miles of visual range, have also been
assenbled from the OHare airport. In addition to the above information,
weat her data have al so been collected fromthe O Hare weather station on the
occurence of snow, fog and rain as well as daily recording of the dry bulb
tenperature in degrees F. The data do not include information on traffic
volume and speed in these two counties. Gven the quality of data available,
the best one can do is to attenpt to estimte an econometric relationship be-
tween traffic accidents and visibility, weather and the day or season in which
the accident occured. These relationships were estimated for DuPage and Cook
counties for non-fatal and fatal accidents separately. The following genera
equation was estimated separately for both counties:

2
- . vy . -~ 2 ~ , ", .
(3-27a) z, =a, + 20D + a, WIR + 2 SUR_ @,SPR, + o VIS, + o VIS]

-

~ 7 + VSIh -y A - L e B
+ aTDVDt + aSVWTRt + wgVSPRt + 1IOVSJMC ; «llRAt lesNt 2,575,

= T 73 - = - = =1,2 312
a, VIEM + a,.VRA_ + 2., 7SY a  JTEM = =z, e=1,2......9C
14 t 15 t
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Variables definitions are as follows:
Zt = Nunber of non-fatal accidents per day in DuPage county (DPNONFATY
or Nunber of non-fatal accidents per day in Cook county (CKMONFAT],

DD equals 1 if the accident occured on weekends and equals O otherw se,

WNTR equals 1 in winter tinme and O otherw se,

SUMR equals 1 in spring and O otherw se

VIS represents visibility neasured in mles,

DVD represents the interaction between visibility and day of occurence
of the accident, while WMR, VSPR AND VSUM neasure the interactions between
visibility and the seasons (w nter, spring and sunmer). RA equals 1 if there was
an occurence of any of the follow ng phenomena on the day the accident occured -
rain, rain showers, freezing rain, rain squals, drizzle or freezing drizzle, and
0 otherwise. SNis a 1/0 dummy variable indicating the occurence/ non-occurence
of any of the follow ng phenonena on the day the accident occured - snow, snow
pel lets, ice crystals, snow showers etc. FGis also a 1/0 dumy variable in-
dicating the occurence/ non-occurence of either fog, ice fog, ground fog, etc.

TEM represents tenperature in degrees F., while VTEM VRA VSN neasure the effects
of the interaction between tenperature, rain and snow, respectively, on traffic
acci dents.

Ta. 3-22 presents the results of a linear regression nodel for non-fata

2

accidents in DuPage county. The low R® obtained can be partly attributable to

the absence of such variables as speed and traffic volume fromthe nodel. The
paraneter estinmates indicate that the nunber of non-fatal accidents increases by

almost 8 units per day on weekends conpared to weekdays. The coefficient for
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TABLE 3-22

DuPage County Non-Fatal Accidents Regression Results

Dependent Vari abl e: DPNONFAT

VARI ABLE PARAMVETER T RATIO
ESTI MATE

| nt er cept 69. 088 8. 065
DD 7.844 3.159
VWNTR 15. 187 3.154
SUMR 7.069 1.343
SPR 15. 137 3.254
VIS2 - 3. 445 -3. 250
VI'S 0. 046 1. 265
DVD -0. 064 -0.293
VWIR 0. 907 2.123
VSPR 0.791 2.001
VSUM 0.424 0. 955
RA 7.463 2.406
SN 13. 451 3.621
FG 0. 140 0. 086
VTEM 0. 022 2.133
VRA 0. 086 0.242
VSN -1.273 -2.86

TEM -0. 405 -3.49

PR > F = 0.0001
R - 0.323
DW= 1.46
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visibility shows that an inprovement in visibility by one mle decreases the
nunber of non-fatal accidents by 3.4 per day. This result is consistent
with a priori expectations concerning the partial effects of an inprovenent
in visibility on highway casualties. The results also show that seasonal co-
efficients for winter and spring are precisely estimated. The nunmber of non-
fatal accidents increases by 1.5 units per day in winter and spring conpared to
the base season (fall). But summer shows an increase of only 7 per day
above the base season. The summer coefficient is, however, inprecisely estimted
The interactions between visibility inprovement and the seasons show that a unit
increase in visibility increases the nunber of non-fatal accidents by al nost one
unit per day each in winter and spring, while the coefficient of the interaction
between visibility and SUVR is inprecisely estinated.

The sign of the coefficients for the weather variables are consistent with
a priori expectations. The occurence of rain increases the number of non-fata
accidents by 7.5 per day while the presence of snow increases the nunber
of non-fatal accidents by 13.5. Thus, the number of non-fatal accidents
whi ch occur in the presence of snow can be expected to exceed the non-fata
acci dent which occur in the rainy season. The coefficient for fog is, however
inprecisely estimated. An increase in tenperature by 10 degrees F., decreases
the nunber of non-fatalities in DuPage county by 4 per day. This is probably
due to the fact that people are nmore likely to engage thensel ves in other outdoor
activities when the tenperature increases

The interactions between visibility inprovements and the weather variables
for DuPage county indicate that, although the nunber of non-fatal accidents in-
creases by 13.5 per day in the presence of snow, a unit inprovement in

visibility In the presence of snow decreases the nunber of non-fatal accidents
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by 1.3 per day. An inprovenent in visibility by one unit on a snowy

weekend at an average winter tenperature of 30°F can be conputed for DuPage
county by evaluating the follow ng expression:

(3-27h) 3 (DPNONFAT)

3(VIS) = -3.455 + 2xQ.046VIS -~ Q,064DD + ,9Q7WNTIR

+ Q.022TEM - 1.273SN

Eq. (3-27b) is obtained by taking the first derivative of the equation
presented in Ta.3-22 with respect to visibility. Evaluating the expression
obtained at SN=1, DD=1, WNTR=1, VIS = average visibility = 10.3 miles, TZf =
average wnter tenmperature = 30°F provides the required result, Ta.3-23 presents
the average val ues of some of the variables used in the analysis. Substituting
these values into eq.3-27b it is realized that a unit inprovenent in
visibility on a snow weekend |eads to a decrease in the nunber of non-fata
accidents by 2.28 per day in DuPage county. The effect of an inprovenent
invisibility on the nunber of non-fatal accidents occuring on a rainy day
can al so be obtained by evaluating the follow ng expression at the average

val ues of the variables:

(3-27¢) 3(DPNONFAT) _ =-3.445 + 2x0.046VIS ~0.064DD + Q.022TEM
3(VIS) +0.086RA

Inserting the rel evant average val ues of the variables into eq.(3-27c)
shows that on a rainy weekend, a unit inprovement in visibility |eads
to a decrease in the nunber of non-fatal accidents by 1.35 per day,

conpared to a decrease of 1.28 on a rainy weekday.
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TABLE 3-23

Statistics on Sonme Variables
Included in the Regression Analysis

VAR ABLE* NUMBER OF MEAN M NI MUM MAXI MUM RANGE
OBSERVATI ONS VALUE VALUE

DPNONFAT 1035 28. 98341 5. 00000 118. 00000 113. 00000
CKNONFAT 1035 194. 29372 72.00000 729. 00000 657. 00000
CKFATAL 1035 0.41836 0. 00000 1. 00000 1. 00000
DPFATAL 1035 0.10725 0. 00000 1. 00000 1. 00000
SN 912 0.11952 0. 00000 1. 00000 1. 00000
TEM 912 51.27412 -8. 33333 89. 33333 97. 66667
VLS 912 10. 31060 0.31250 16. 66667 16. 35417

*VARI ABLE DEFI NI TI ONS:

DPNONFAT = Number of non-fatal accidents in DuPage County
CKNONFAT = Number of non-fatal accidents in Cook County
CKFATAL = Number of fatal accidents in Cook County
DPFATAL = Nunber of fatal accidents in DuPage County

SN = Snow (dumy vari abl e)

TEM = Tenperature (°F)

VIS = Visibility in mles
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Ta.3-24 presents the non-fatal accidents regression results for Cook

Country. By conparison with Ta.3-22, alnost all the coefficients have the
same signs as obtained from the DuPage County regression results, except the
FG coefficient. In Cook County, the presence of fog decreases the nunber of
non-fatal accidents by 10.9 while it virtually has no effect in DuPage County.
The magnitudes of the effects the explanatory variables in the Cook County
regression results exceed those obtained for DuPage County.

In Cook County the number of non-fatal accidents increases by 48 at
weekends conpared to weekdays. Al the seasonal coefficients are precisely
estimted except the coefficient for sumrer. The results show that the nunber
of non-fatal accidents increases by 60 per day in wnter conpared to fall
During the spring season, non-fatal accidents increase by 56.72 per day conpared
to fall base season. As in DuPage County, a one mile inprovenent in visibility
in Cook County leads to a reduction in the number of non-fatal accidents but
the decrease is alnost by 16 per day conpared to 3 per day for DuPage County.
This effect does not include the interaction terms of visibility and the other
variables. The coefficients of the weather variables also show that the nunber
of non-fatal accidents increases by 46.7 per day in the presence of rain while
the effect of an occurence of snow increases the nunber of non-fatal accidents
by 63 per day in Cook County.

Considering the interaction terms between visibility and the other explana-
tory variables, an inprovement in visibility by one mle on a snow weekend or
weekday at an average winter tenperature of about 30°F can be conputed by

evaluating the follow ng expression:
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TABLE 3-24
Cook County Non-Fatal Accidents Regression Results

Dependent Variable:  CKNONFAT

VARI ABLE PARAMETER
ESTI MATE T RATIO

| nt er cept 387. 55 9.47
DD 48. 27 4.18
WNTR 60. 37 2.48
SUMR 22.77 0.87
SPR 56. 72 2.44
VIS, -15. 63 -3.25
VIS 0.026 0.16
DVD -0.72 -0.71
VWIR 4.82 2.36
VSPR 2.96 1.57
VSUM 2. 17 1.02
RA 46.73 3.33
SN 63.15 3.84
FG -10. 88 -1.15
VTEM 0.148 3.06
VRA -0. 027 -0.02
VSN -4.11 -2.07
TEM -2.35 -4.17

PR> F = 0.0001
R? - 0.35

DW = 1.39
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(3-27d) J(CRNONFAT) _ -15.63_+ 2(0.026)VIS -Q.72DD + 4,32WNIR
3(VIS) +Q.148TEM -4.11SN

Eq. (3-27d) is obtained by taking the first derivative of the re-
gression equation presented in Ta.3-24 with respect to visibility. An
eval uation of eq.(3-27d) at the mean values of the relevant variables
and an average wi nter tenperature of 30°F shows that an inprovenent in
visibility by one nile on a snow weekend |l eads to a decrease in the
nunber of non-fatal accidents by 10.7 per day. |t is observed from
Ta.3-24 that the effect of an inprovement in visibility alone, wthout
considering the interaction terns, iS to decrease the nunber of non-fata
accidents by about 15 per day. But when the interaction terms are
consi dered, the effect of the interaction between an inprovenment in visi-
bility and winter season is to increase the nunber of non-fatal accidents
in Cook County by 4.82 per day.

The effect of an inprovenent in visibility on the nunber of non-fata
accidents occuring on a rainy day can be conputed by evaluating the follow

ing expression at the average values of the relevant variables:

3 (CKNONFAT) _ -15.63 + 2(0.026)VIS -Q.72DD + Q.1438TEM

(3-27e)
3CVIS)  g.027ra

Inserting the relevant average values of the variables into eq.(3-27e)
shows that on a rainy weekend, an inprovenent in visibility by one
mle leads to a decrease in the nunber of non-fatal accidents by 8.3

per day.



244

3.5.4.2 Linear Probability Mdels of Traffic Fatalities

The average nunber of non-fatal accidents reported for DuPage County
during the period for which the accident data were collected was 28.98.
while the average for Cook County was 194.3 non-fatal accidents per day.
Very few fatalities were recorded. In fact an average of 0.42 fatalities
Per day was recorded for Cook County conpared to an average of 0.11 fatali-
ties per day for DuPage County. This neans that nost of the elenents under
t he dependent variable colum in the regression nodel are zeroes and ones.
Very few fatal accidents greater than one were recorded for both counties.
Therefore, it was decided to use a qualitative choice model in which
the dependent variable is 0 when the accident is non-fatal and 1 when the
acci dent was fatal.

The sinplest specification of a qualitative choice nodel is the |inear
probability rmodel, where it is assumed for the purpose of this analysis
that the probability of occurence or non-occurence of a fatal accident on
any given day is a linear function of the explanatory variables listed in

Ta. 3-22 and 3-24.

/ -=g_ + +
Let FATALt o ¥ alDDt a

+ aéDVDt + a

h -— s - S
ZWNTRC T3 4S?Rt + QJVI .

VWNTRt + aSVSPRt + u9VSUMt - alQRAt

SUMRt +
7

SNt + o 2FGt - VTEMt + a,, VRA_ + alSVSNt

T 1 %13 14754,

oo, TR+ ’

16 £

1, if Zatal accident
FTor DuPage County, FATALt = DPFATAL = «7as recorded.
- Q, otherwise
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1, if fatal accident
For Cook County, FATAL, = CKFATAL, = was recorded

t t
0, ot herw se

Thus, the regression coefficients may be interpreted as the effects
of unit changes in the explanatory variables on the probability of occurence
of fatal accidents. The above nmodel was estimated by Ordinary Least- Squares
procedure for DuPage and Cook Counties and the results are presented in
Ta.3-25.  The very IowR2 suggests that a good deal of variance in the node
i's unexplained. Nonetheless, it is our belief that, with the availability of
data on relevant variables such as vehicle speed and traffic volume, there would
be an inprovenent in the fit of the Linear Probability Mdel

The results show that an inprovenent in visibility by one mle leads to an
increase in the probability of fatalities by 0.005 in DuPage County, conpared
to an increase of 0.02 in Cook County. This result does not include the inter-
actions between visibility and the other explanatory variables. |f we consider
the interaction between visibility and the day of week effect (DVD), an inprove-
ment in visibility leads to an increase in the probability of fatalities by
0.009 in Cook County and a decrease in the probability of fatalities by 0.014
in DuPage County during the weekends. The DuPage County estimate of the inter-
action between visibility and the day of week effect is, however, nore precisely
estimated than the Cook County estinmate. The effect of the interaction between
visibility and the seasons is to decrease the probability of occurence of
fatalities in winter and spring in Cook County by 0.022 and 0.020 respec-
tively. An inprovement in visibility in summer tine |eads to an increase

in the probability of occurence of fatal accidents by 0.003 in Cook County.
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TABLE 3-25

Linear Probability Mdels of Traffic
Fatalities in Cook and DuPage Counties

Cook County Results DuPage County Results
VARl ABLE PARAMETER T RATIO PARAMVETER T RATIO
ESTI MATE ESTI MATE

| nt er cept -0. 059 -0. 215 0.095 0. 545
DD 0.026 0.289 0.137 2.372
VWTR 0. 258 1. 473 -0.037 -0.334
SUMR -0. 062 -0. 319 0. 000 0.002
SPR 0.180 1. 041 0. 049 0. 447
VIS 0.023 0.979 0. 005 0.318
DVD 0. 009 1. 080 -0.014 -2.688
VWWIR -0.022 -1. 417 -0.002 -0. 166
VSPR -0. 020 -1. 353 -0. 007 -0. 764
VSUM 0. 003 0.181 -0.002 -0. 176
RA 0.008 0.075 -0.001 -0.016
SN 0. 037 0. 289 0.026 -0.331
FG -0. 047 -0.801 0. 0363 0.977
VTEM -0. 0002 -0. 659 0. 000 0.112
VRA -0.02 -0. 147 -0. 007 -0. 865
VSN 0. 004 0. 250 0. 006 0.593
TEM 0. 006 1.534 -0. 0004 -0. 147

PR > F = 0.0059 PR > F = 0.5997

R = 9.0367 R = 00154

DW = 1.932 DW = 2.098
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The coefficients of the interaction terns between visibility and winter, and
spring (VSPR) are nore precisely estimated than the summer interaction term
in the Cook County nodel. The DuPage County results showthat the effect

of interactions between visibility and the seasons is to decrease the pro-
babi lity of occurrence of fatal accidents, but these coefficients are inpre-

cisely estinated

3.5.4.3 Mnetary Val ue of Benefits

The results of the Cook County linear probability nodel paraneter estinates
for the occurrence of fatal accidents shows that an inprovenent in visibility by
one nile increased the probability of occurrence of daily accidents by 0.023.
The daily fatal accidents rate for Cook County is 0.42. Thus the expected nunber
of fatal accidents occurring in Cook County per day due to a nmile inprovenent
is 0.01. Thisrepresents 3.65traffic fatalities per annum The | 0ss in human
lives represents a cost to society, largelyresulting fromrisks voluntarily
incurred. This cost partly offsets the gains obtained by the great majority of
nmotori sts because of tinme saved. Ignoring the net affects of traffic fatalities
contributes to a conservative estimate of the benefits of inproved visibility.
Prof essor Sherwi n Rosen's ri sk-conpensating wage differential estimtes (1976)
produce an average statistical value of life of 494,000 dollars (1980). The
3.65 traffic fatalities which occur due to an inprovenent in visibility by one
mle in Cook County represents a cost of 1.80 mllion dollars (1980) in hunan
life. Asinple linear extrapolation of this value to cover the entire eastern

United States yields a benefit of 204 mllion (1980) dollars.

In valuing the reduction in nonfatal accidents we nake use of the nonfata
injury costs estimted by Fai gan (1975) and the Proceedings. Ta. 3-26 presents
t he breakdown of the injury costs in 1972 dollars. The average nonfatal injury

| oss whi ch can be aboided is $3000 per accident in 1972 dollars. Using the
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esti mate of the annual reduction in traffic accidents due to a one nmle inprove-
ment in visibility, a rough estimte of the annual benefits froma one nile

i nprovenent invisibilityis 17 million dollars in Cook County. This translates
into 35 million 1980 dollars, using the 1980 consumer index. Asinple linear

extrapolation to the entire U S. yields an annual benefit of about $750 million
(1980) .
TABLE 3-26

Non- Fatal |njury Accident Costs*

TYPE OF COST COST I N 1972 DOLLARS
Labor Productivity Low 850
Medi cal 350
Pai n and Suffering 100
Property Danmage 700
Legal 150
| nsur anceAdni ni stration 800
Q her 50
Tot al 3000
*Source: G Blomuist "Value of Life: |Inplications of Autonobile

Seat Belt Use" p. 47
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3.5.5 Summary and Concl usi ons

A conceptual nodel of the relationship between travel cost, acci dent
rates, weather conditions, inproverment invisibility, vehicle speed, and
traffic congestion has been devel oped. Based on the assunption that travel
cost mnimzationis the main driving force behind drivers' choice of vehicle
speed and direction of travel when vehicle and hi ghway desi gns, road condi -
tions and ot her engi neering characteristics of hi ghways are hel d const ant,
it is shown that the total effect of an inprovenent in visibility on acci-
dent rates depends crucially on the effect of inprovenents invisibility on
vehicl e speed. |t has been denponstrated that i nprovenents invisibility
encour age hi gher speed levels, for a given traffic volume and road condition
thus |l eading to the conclusion that the total effect of inmprovenents in visi-
bility on traffic casualties is anbiguous.

The enpirical estimations of the relationship between i nprovenents in
visibility, weather variables and traffic casualties showthat visibility
i mprovenents lead to significant reductions in non-fatal accidents in both
Cook and DuPage Counties. This result is consistent with the partial effect
of inmprovenments in visibility on highway casualties. \Wile the occurence
of rain and/or snowlead to an increase in the number of non-fatal accidents
i n Cook and DuPage Counties, the enpirical results also showthat an i nprove-
ment invisibility inthe presence of snowleads to a decrease in the nunber
of non-fatal accidents in both counties. Enpirical estinmates of benefits
fromincreased speed and traffic vol une have not been nade.

Results of linear probability nodels in analyzing the traffic

fatalities showthat an i nprovenent in visibility during the weekends | eads
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to an increase in the probability of occurrence of fatal accidents in Cook
and DuPage Counties. Visibility inmprovenents in w nter and spring, however,

| ead to decreases in the probability of occurrence of fatal accidents in both
counties, although these coefficients are not very precisely estimted. An

i nprovenent in visibility in Cook County by one nile | eads to an esti nated
benefit of 35 million dollars as a result of reductions in traffic casualties.
This translates into an annual benefit of about $750 million for the entire
eastern U S.

3.6 Effects of a One Mle Change in Visibility: Conparisons of WIlingness to
Pay and Secondary Data Results

Estinmated willingness to pay for a uniformone nmile visibility inprovenent
inthe eastern U.S. is given in Ta.3-27. The one mile inprovenent scenariois
suitabl e for conparison with benefits derived fromanal yses of secondary dat a.
Scenario benefits in Ta. 3-27 are derived fromthe six-city eastern survey, using
the visibility value function fromsection 2 aggregates according to the nmethod
explained in section 4. Aggregate 1990 benefits are about $10 billion for the
hypot heti cal argument on visibility of one mile. It should be enphasized that
tje one mle inprovenment does not refer to any real programand is used here only
for purposes of conparing the contingent valuation and secondary ratio
esti mates.

Reduction of nonfatal traffic accidents is responsible for the | argest
visibility i nprovenent benefit anobng the Project's secondary data anal yses
Based upon the Cook County, Illinois results, eastern U S. benefits froma
one mleuniformvisibility inprovement woul d be about 0.75 billion in 1980
dollars. The $10 billion aggregate benefit reported in Ta.3-27 conprises al
visibility benefits, whether they be aesthetic, safety-related or derived from

a multitude of other goods to which visibility contributes.
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TABLE 3- 27

BENEFI TS OF ONE M LE VI SI Bl LI TY | MPROVEMENT
I N THE EASTERN U. S. 1990 (1983 dol | ars)

Benefits Total Benefits

per househol d ($000)
Al abana 167 233666
Connecti cut 144 182760
Del awar e 141 34578
District of Col umbia 209 60670
Fl orida 116 514983
CGeorgia 179 380602
[11inois 206 902688
I ndi ana 220 464536
Kent ucky 199 269036
Mai ne 117 51153
Mar yl and 230 413287
Massachusetts 149 339302
M chi gan 194 706202
M ssi ssi ppi 144 124967
New Hanmpshi re 160 58592
New Jer sey 157 465041
New Yor k 163 1120832
Nort h Carolina 171 390607
Chio 201 848300
Pennsyl vani a 179 799842
Rhode | sl and 111 42780
Sout h Carol i na 193 220656
Tennessee 194 333294
Ver nont 154 31456
Virginia 233 495 369
West Virginia 198 132774
W sconsin 169 314799
TOTAL 9,932,774

Note: A detailed discussion of visibility scenarios is given
in section 4.
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Two concl usi ons are suggested by this conparison. The first is that
i nproved traffic safety is one of the major benefits of visibility inprovenent--
about 7%of the total. A plausible conjecture is that there are several such
mej or areas of bnefit, plus a great nunber of areas where nuch snaller benefits
are derived. One such exanple is the benefit to spectators of major |eague
basebal | in the entire U S. --somewhat |ess than $1 million annually resulting
fromthe hypothetical one nmile inprovenent, or |ess than one ten-thousandth
of the total. This is not a big part of the overall picture, but it undoubtedly
has i mportance to sone people. (See section 3.2.3.)

The second and nore i nportant conclusion is that the secondary-data and
wi | lingness-to-pay results appear to be consistent. Wile we cannot be certain
that a far nore exhaustive secondary-data study woul d confirmthe survey results
by adding up to the same total, nevertheless these results are plausibly rel ated
to each other. Thus the evidence fromthe two approaches gives reason to have
confidence in both as a neans of val uing this el usive non-narket good.

Section 3 contains controlled experinents that directly conpared secondary-
data and contingent valuation results in well defined situations. These results
corroborate our concl usions about the one mile inprovenent experinents. In section
3.4, acontingent market in visibility for vieworiented residences anong hi gh-
rise residents al ong Lake M chi gan i n Chi cago was established. A hedonic
demand anal ysis was carried out for the same group of subjects. The simlarity
of results confirned the reliability of each approach for policy analysis. A
sim | ar study of demand-based and contingent val uation in section 3.3.2 of
Hancock Tower visitation rejected the hypothesis that different results are
obt ai ned fromthe two anal yti c approaches.

In future work, the findings of significant effects of visibility on the

other activities that have been considered in this section (section 3)--nanely,
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air traffic and recreation in addition to basebal |l attendance--could be used
to devel op benefit estimates to conpare with the contingent valuation

estinat es.



SECTI ON 4

Use of Results to Estimate Benefits

for the Eastern United States
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4.1 EVALUATI ON OF PCLI CY EFFECTS ON VI SUAL RANGE

This chapter provides a detailed illustration of the application of
the visibility value function devel oped in Section 2 to analysis of policy
benefits. The visibility value function indicates how people's expressed
Wil lingness to pay to enjoy visibility inprovements or to prevent visibility
deterioration depends on their personal characteristics and on prevailing
visibility conditions where they live. This functionis general inthat it
can be used to estimate visibiltiy benefits associated with any anount of
pol lution reduction. The benfits are obtained by summ ng over affected areas
t aki ng account of willingness to pay for the change in visibility that will be
brought about in each area by the pollution policy.

Forecasting visibility policy effects requires conparing a w thout -
policy or base-case scenario with one or nore scenarios of regulatory stringency.
In this chapter, the visibility value function is appliedto four policy
hypot hetical or illustrative policy scenario for electric and utility pollution control
relative to a base-case scenario. Benefits connected with theseillustrative
scenarios are estimted for the year 1990. Specifically, per-househol d and
aggregate benefits are estimated for each eastern state and the eastern
United States.

A met hod i s needed which relates reductions in pollution enissions from
the scenariostovisibilityinprovenents. In the present chapter, the relation
bet ween eni ssions and visibility is provided by results fromresearch at
Argonne National Laboratory. The major task of the chapter is to estinate

visibility benefits using the visibility value function.
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4.2 | LLUSTRATI ON OF METHOD

4,2.1 Qutline and Sunmary

Step Ain the analysis of visibility regulation was to establish policy
alternatives. Alternative policies produce different patterns of visibility
i nprovenents whose effects need to be evaluated in order to nake a policy
choi ce. Four such policies were considered. In additionto the policy scenarios
a w thout-policy or base-case scenario was forrmul ated. The base-case scenario
is ajudgement as to the nost likely regulatory climate in the absence of a
visibility policy. It provides the standard agai nst which the benefits of the
policy scenarios are neasured.

Step B was to forecast emissions under the base-case and hypot heti cal -
policy scenarios by type of emtter, season and anpbunt of pollution. These
forecasts depended in part on the technical requirenents of pollution abatenent.
To an even greater extent the em ssions forecasts depended upon forecasts of
future levels of econonmic activity.

Step Cwas to forecast the spatial distribution of anbient air quality.

The rel ati onshi p bet ween emi ssi ons and anbi ent air quality depends upon the way
em ssions are di spersed geographi cally and t he chem cal transformations that
occur during dispersion. This step was perforned for each of the scenarios

by means of the Argonne | ong-range-transport nodel . [Rot e, 1982]

Step Dwas to neasure the effects of ambient air quality on visibility resulting
fromeach hypothetical scenario. The solutionto this problem also supplied

by Argonne [ Rote, 1982b], provides a set of predictions as to the course of
visual air quality on a state by state basis in the future.

Step Ewas to use the visibility value function to establish val ues

associated with alternative pollutioncontrol strategies. Eachhypothetical
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scenari o produced a set of inprovenents in visual range for each state in future
years. The function estimated the value of these inprovenents to a state as

the sumof the value of the | ocal conponent and val ue of inprovenents in other
parts of the region due to existence and option values. Non-local inprovements

are | ess valuable to the state depending upon their distance fromthe state. The
val ue of visibility inprovenents is the sumof all |ocal and non-1local inprovenents
for all states in a given year. Thevisibility value functionis used to eval uate
i nprovenents for each state in 1990 for each of the four hypothetical policy

scenari os.

4.2.2 Step A:  Establish Hypothetical Policy Scenarios and Estimate Visibility

Effects
Inthis step, a base case and four illustrative policy scenarios are consi -
dered. [Rote, 1982b] The base case the three hypothetical policies that
yield inprovenents are sunmarized in Ta. 4- 1. They are as foll ows:

4.2.2.1 Base Case: Scenario 2

This scenario assunes that all electric utilities governed by State | nple-
nentation Plans (SIP) neet promul gated regul ati ons by 1985. Conpliance is
det ermi ned by conpari ng annual em ssions with specified SIPregul ations.

For industrial emtters that burn coal, the base-case scenario assunes that
large units burn low sul fur coal, and nmediumand small units conply with SIP
regulations. For oil-fired industrial enitters, the base case assunes that |arge

units burn medium or lowsulfur coal, and small units conply with SIP regul ations.
These industrial assunptions are maintained for all of the scenarios. Al other
emtters are assuned to continue enitting at the 1979 rate in the base-case
scenario. This assunption about other emtters is also used in each of the other

scenari os.
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This scenario is crucial to policy analysis because it nmeasures without -
policy or base-case conditions against which policy effects are neasured. It
provi des the basis for an estimate of future pollution by type of emtter in

t he absence of the policy being eval uat ed.

4.2.2.2 Hypothetical Control Scenari os

The state of conpletion of the Argonne study necessitated limting the
analysis to illustrative policies in which utilities are controlled nore
stringently than in the base case, but em ssions for other sources remain as
inthe base case. No inplication is intended that this combination of controls
woul d be chosen

The scenarios are nunbered according to increasing stringency of control
Renenbering that Scenario 2 is the base case, and shows some i nprovement over

1979, the control scenarios are as foll ows:

TABLE 4-1

Scenario 1 (1979 status quo).

Al utility units continue to emit SO, at the 1979 rate. Units with
operating scrubbers keep them unitS\% th pl anned scrubbers instal
t hem

Scenario 3 (First | evel of increased stringency for utilities).
All unility units covered by SIP regulations are required to neet
pronul gated regul ati ons by 1985. No such unit is allowed to exceed
4 pounds SO, emi ssions per nillions BTUs fromfuel used to produce

eIectricity?

Scenari o 4 (Second | evel of increased stringency for utilities).

All utility units covered by SIP regulations are required to neet
promul gated regul ati ons by 1985. No such unit is allowed to exceed
2 pounds SO, emissions per mllion BTU s fromfuel used to produce
electricity.

Scenario 5 (Third | evel of increased stringency for utilities).

All utility units covered by SIP regulations are required to achieve
a 50 Percent reduction in SO, enmi ssions beyond SIP conpliance |evels
by flue gas desul furization Fetrofitting where retrofitting i s nost
cost effective.



259

4.2.3 Step B: Forecast Em ssions Under the Hypothetical Policy Scenarios

Sul fur dioxide is the emtted pollutant of central inportance to the
anal ysis because it is a precursor of ambient air constituents that cause
the greatest extinction of visual range. Argonne obtained the scenarios
underlying forecasts of future em ssions fromelectric utilities from
Technekron, Inc., and those underlying the industrial enissions forecasts
fromlCF, Inc.

Em ssions estimtes are nmade for the base-case and the four hypothetical-policy

scenarios to the year 2000. The nodel requires that the conditions under

whi ch emi ssions take place be specified in detail. These conditions include

type of emtter (utility, industrial, other), stack height (short, nmedium
tall), season (summer, winter), and fuel type (coal and oil of various

grades). The synbol specifying the anount of enissions froma

type under a given control scenario is ngi » Where

Q is emissions of SQin kil otons per year

m is the scenario (m=1, ..., 5 as described under Step A

j is the state fromwhich enissions originate. Al emssions are
aggregated and assuned to originate fromthe geographic center of the state;

k stands for the other conditions under which enissions occur: type

of emtter, stack height, season, fuel type. k =1, ..., n for each of
t hese condi ti ons;
t istheyear. t =1980, ..., 2000. Hereafter, t will be understood

to be present but not witten down.

4,2.4 Step C.  Forecast Spatial Distribution of Anbient Air Quality

Forecasting pollution is a regional problembecause there are many source
regions, defined as states, and nany receptor states. Each state is both a
source and a receptor, and the source-receptor relationship is a conplicated
one. The Argonne | ong-range-transport nodel accounts for the processes by
whi ch pol lutant emissions are transported and transforned into ambient pollution
wi thin aregional framework [ Rote, 1982a]. Al of the states in the

present project study area are represented (eastern United States).
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Based upon the pollution enissions variable, J(r;(‘) an equation can be

witten down which expresses the key relationships of the anbient air forecast:

j k
(4-1) xgm)‘ = t,I eiqugg) , wher e
xgm) is anbient pollution in state i under scenario m, neasured
in ug/m3 of SO4 ;
eij is the amount of enmissions fromstate j reaching state i ,

per kiloton of emssions in state j;

t, is the amount of ambient pollution in state i resulting from

a kiloton of enissions of SO, arriving in the state.

Eq. (4-1) may be explained as follows. To solve for Xgm) . first
sum eni ssi ons ngz) , over the k source types in state j , where Qgil)
is obtained fromStep A Miltiply the resulting }Z(Qgr;(l) em ssi ons by
e;; to obtain enissions fromstate j arriving in state i . Sumover
all states j to obtain total emssions arriving in state i , and multiply

by t, to obtain the state's anbient pollution.
In the Argonne nodel, air-quality variables estimated on a state-by-state
basis are as follows:
Model - predi cted sulfate ion concentrations;

Estimated sulfate ion concentrations conputed by adjusting the
nmodel - predi cted values with regression paraneters;

Fine particle (FP) concentrations conputed from sulfate ion
concentrations estimated with regression equations;

FP concentrations conputed from an alternative theoretical/
enpirical relationship between FP mass and other constituents;
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Control | abl e sulfate mass concentrations conputed froma theoretica
rel ationship between sulfate ions and other FP constituents;

Estimated first and second 24-hour nmaxi num FP nass concentrati ons;

Model - predicted sulfate ion wet and dry deposition rates [Rote, 19823] .

Several qualifications are noted in the Argonne report which affect the
applicability of the results discussed inthis chapter. First, enissions
fromeach source state are assuned to enanate froma single point at the
geographic center of the state. Second, npdeling results need nore conparisons
with actual visibility measurenments. Avail abl e conpari sons show a good
correspondence; however, adjustnents have been made to nodel - gener at ed
visibility endowrents in estimating benefits in the Report. Third, the

Argonne Report questions the validity of the base-case industrial scenario

as representative of |ikely econonmc trends between 1980 and t he year 2000.

4,2.5 Step D. Estimate Visibility Effects of Scenarios

Predictions of visibility levels for 1990 for the base case and policy
scenarios are given in Ta.4-2 for each state considered in this study.
Estinmates of actual visibility in 1980 are al so given.

The analysis of visibility effects may be represented by the foll owi ng

equation, representing the approach used in the Argonne study:

(4-2) Avgm) = f X?m) - ng) s Yo, Y., ... ’ .where
i i 1 1 2
Avgm) is the inprovenent in visual range in nmles in the
i*™™ state caused by policy scenariom It is conputed from

a theoretical -enpirical relationship involving sulfate ion con-
centration and other factors in Y;, defined below



TABLE 4-2

Visibility Projections in Mles
for Base Case and Three Control Scenarios, 1990

Base Case Scenario 3 Scenario 4 Scenario 5
Scenario 2
Act ual SI'P Conpl i ance SIP SO2 Em ssi on SIP SO2 Em ssi on SO, Eni ssions
Visibility by 1985 Limts™ 4lbs. per Limts™ 21bs. per 50% bel ow SI P
mllion BTU mllion BTU Conpl i ance Levels

STATE 1980

Al abama 14. 3 13.7 13.7 14. 3 14.3
Connect i cut 9.9 9.9 9.9 10.6 11.2
Del awar e 10. 6 9.9 10.6 11.2 11.8
D.C 10. 6 10.6 10.6 11.8 12. 4
Florida 14.9 14. 3 14.3 14.9 14. 9
Georgi a 13.7 13.0 13.0 14.3 14.3
[I1inois 13.0 13.0 13.0 14. 3 14.3
[ ndi ana 9.9 10.6 11.2 11.8 13.0
Kent ucky 10. 6 11.8 11.8 13.0 13.7
Mai ne 13.7 13.7 13.7 14. 3 14. 3
Maryl and 10. 6 9.9 10. 6 11.2 11.8
Massachusetts 10. 6 9.9 9.9 10.6 11.2
M chi gan 13.0 13.0 13.0 13.7 14. 3
M ssi ssi ppi 15.5 14.3 14.3 14.9 14.0
New Hanpshire 11.8 11.8 11.8 13.0 13.0
New Jersey 10.6 9.9 10. 6 11.2 11.8
New York 10. 6 10. 6 11.2 11.8 13.0
North Carolina 13.0 12. 4 13.0 13.0 13.7
hio 8.7 9.3 9.9 11.2 12.4
Pennsyl vani a 8.7 8.7 9.3 9.9 11.3
Rhode Isl and 10. 6 9.9 9.9 10. 6 11.2
South Carolina 13.7 13.0 13.0 13.7 13. 7
Tennessee 11.8 11.8 11.8 13.0 13.7
Ver nont 11.8 11.8 11.8 12. 4 13.0
Virginia 10.6 10.6 11.2 11.8 12. 4
West Virginia 9.9 9.9 10.6 11.2 12.4
W sconsin 14.9 14.3 14.9 14.9 15.5
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Xgm) is anbi ent pollution as defined and calculated in Step C,
equation (1) ; Xgm) i s anbient pollutionin state i under scenario
m x§0) i s base case anbient pollutionin state i,

Yi are variabl es such as humdity and fine particle constituents
ot her than sulfate ion which affect the relationship between anbi ent

air quality and visual range;

Eq. (4-2) is asummary of a study of the determinants of visua
range in the eastern United States by D. M Rote. [ Rote, 19823]

4.2.6 Step E:  Estinmate the Value of Visibility Benefits of Hypothetica
Pol I ution Control Strategies

Inthis step the visibility value function is applied to the visibility
effects obtained in Step D.  Visibility inprovenent attributable to a policy
equal s the difference between visibility under a policy scenario and base-case
visibility. The value of visibility inprovement depends upon the size of
the i mprovenment, the characteristics of the people enjoying it, and the
prevailing level of visibility. The value of an extra nile of visual range
depends upon the income of a household, for exanple, and the nunber and ages
of househol d menbers. An extra mle of visibility is valued nore when
prevailing visibility is lowthan when it is high

The rel ationship between the expressed val uati ons and the influentia
factors, or predictor variables, was specified according to econonic theory
and measured econonetrically in Section 2 of this study. The resulting
relationshipis the visibility value function. By using the visibility
i mprovenents and the predictor variables, a predicted value for visibility

i mprovenent was cal cul ated for each state in the eastern United States.
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In synbols, the use of the visibility value function in benefit estimation
can be expressed as foll ows:

j i
] (m) _ - -
(4-3) B Y =Ll - exp( YAVSjm)](a + 28X, ON,, where

B(M s aggregate dol lar benefits of scenario m over the base case;

AVS, is change invisibility services fromthe mth scenari o over

t he base case in the jth state as calculated using eq. (2-43) in
Section 2.4,

Xij is the value of the i'M househol d characteristicin the jth
state;
th

I\E i's the number of households in the | state; and

the paraneters vy, ¢« and the Bi's are as given in Ta.2-20 of
Section 2. 4.

Regardi ng the val ues of the househol d characteristics (Xij's), for the
foll owi ng variables, sanplew de neans were used: respondent believed he had
an excel lent view (EXVIEW, female head of househol d (FEMHOH), equi prment i ndex
(EQUIP), bad eyesight (POOREYES), rural residence (RURAL), activity index (ACT),
ownershi p of other residential property in eastern U S. (PROP), and ownership of
occupi ed unit (OMN). For other variables, state-specific values were used.
These are househol d i ncone (1 NCOVE), incone squared (I NCOVE2), age of househol d
head (HOHAGE), education of househol d head (HOHED), househol d size (HSLDSI Z),
vi si bil'ity endownent (VI SENDOW, percent nonwhite (NONWH TE), dunmies for

Atlanta (A), Cncinatti (¢, Mam (M, and Washington, DC (W.

In sunmary, the preceeding steps sunmarize the entire anal ytic franework
underlying the estimtes of benefits that begins With the statement of policy

alternatives and ends with a dollar estimte of the benefits of these policies.

Wil e the policy scenarios examned here are illustrative, the established
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framewor k has been shown to be entirely general and capable of anal yzing any
set of policy alternatives that are of regulatory interest.

The fol l owi ng sections explainin nmore detail howthe visibility val ue
function is applied, and present benefits estinmates for hypothetical policy

scenarios for the year 1990.
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4.3 BENEFITS OF HYPOTHETI CAL PCLICY SCENARI CS.

In this section, calculations for two states are described to explain
how the visibility value function is used to derive benefits estimtes. The
calculations illustrate the spatial nature of regional visibility effects
Benefits for each state and for the eastern United States as a whole for the

hypot hetical policy scenarios are presented.

4.3.1 Measurenent of Physical Effects and WIlingness to Pay for |nprovenments

4.3.1.1 Forecast Em ssions under Scenario 5 in CGeorgia and Chio (Step B)

Using Argonne scenario sinulations, this section illustrates the
policy analysis process described in Section 4.2. For illustrative purposes
we consider two eastern states, Chio and Georgia, and trace through the effects

of scenario 5 inplenentation in terms of the five steps previously outlined.

Ta. 4- 3, base-case em ssions in the two states are given by the FOMI"S%
em ssions" in kilotonnes per year. In the absence of visibility policy, anmbient

&% em ssions in Georgia would increase from 630 kilotonnes in 1980 to 873 kil o-

tonnes in 1990 and 1026 kil otonnes in 2000.

Under scenario 3, on the other hand, Ceorgia's ﬂ% eni ssions woul d be

554 kilotonnes in 1990 instead of 873, and 567 kilotonnes instead of 1026 in 2000

scenario 3 produces a 36 percent reduction in emssions in Georgia during the
1980's and a 15 percent reduction during the 1990's conpared with the base case
projection. In Chio the enissions pattern is quite different. Chio's 1980

em ssions are about four times higher than Georgia's--2748 kilotonnes vs 630

kil otonnes. However, Chio's enmssions are forecasted to decline between 1980
and 2000, even under the base-case forecast. Furthermore, policy effects in

Chio are even greater than in Georgia. In Chio, scenario 3 produces a 58

Thus



TABLE 4-3

Policy Effects in Two States1

GEORGI A
Pol i cy Effects4
Base Case: Scenario 2 Policy Scenario 5 Amount % Anmount %
1980 1990 2000 1990 2000 1990 2000
S0, eni ssi ons * 630.0 873.0 1026. 0 554. 0 567.0 -319.0 -36.0 -459.0 -45.0
Anbi ent 8022 7.3 9.8 11.7 7.1 8.2 - 2.7 -28.0 - 3.5 -30.0
Visibility 3 13.7 13.0 13.0 14.3 13.7 1.3 10.0 T 5.4
Aggregate benefits 365
(per househol d) ° (168)
OHI O
Policy Effects
Base Case: Scenario 2 Policy Scenario 5 Anmount % Anmount %
1980 1990 2000 1990 2000 1990 2000
S0, eni ssi ons 2748.0 2300.0 2207.0 964.0 1056. 0 -1336.0. -58.0 -115.0  -52.0
Anbi ent  S02 37.0 32.8 32.8 17.8 19.8 - 15.0 -46.0 - 13.0 -40.0
Visibility 8.7 9.3 9.3 12.4 11.8 3.1 33.0 2.4 27.0
Aggregate benefits
1516
(per househol d) (360)
1 .
Ki | ot onnes per year
2 :
M crograns per cubic neter

3 Mles
‘ Physi cal effects are drawn from sinulations provided by DM Rote of Argonne [Rote, 1982a, 1982b]
5

Aggregate benefits in mllions of dollars per year; household benefits in (dollars per year). From Ta.4-6.

L92
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percent emssions reduction during the 1980's. and a 52 percent reduction
during the 1990's. The conbined effect of trends and policy effects in the
two states therefore, is that Chio enmissions in 1980 are over four times greater

than Georgia enissions, whereas by 2000 Chio emissions are |ess than twice as

large as Ceorgia's.

4.3.2.1 Forecast Ambient Air Quality under Scenario 5 in Georgia and Chio (Step O

Anbient air quality is given by the row "Anmbient 802" in mcro-
granms per cubic neter (ug/ms) in Ta. 4-3. In 1980, ambient air quality is over
five times worse in Chio than in Ceorgia by the SO2 criterion--37.0ug/m3 in
Chio vs 7.3 ug/m3 in Georgia. As in the case of emssions, air quality in Chio
is projected to inprove in the base case (from 37.0 ug/m3 in 1980 to 32.8 ug/ms
in 2000) and to deteriorate in Georgia (from?7.3 ug/m3 in 1980 to 11.7 ug/m3
in 2000). As for the policy effects of scenario 5 in the

two states, both states experience inprovements in 1990 and

2000, conpared with the wthout-policy or base-case scenario. However, taking
account of both trends and policy effects in the two states, Georgia experiences
a net deterioration in anbient air quality by 2000 (from7.3 ug/m3 to 8.2 ug/ms) ,

while Cnio experiences a net inprovenent by 2000 (from 37.0 ug/m3 to 19.8 }.'g/ms).

4.3.1.3 Forecast Visibility Effects of Scenario 5 in CGeorgia and Chio (Step D)

Visibility effects of scenario 5 are given by the row |abeled "Visibility"
for each state. In the absence of a visibility policy, CGeorgia is forecasted
to experience a reduction in visibility--from13.7 mles in 1980 to 13.0 niles

in 2000. Chio visibility inproves from8.7 to 9.3 nmiles over the sane period in
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the base forecast. The effect of scenario 5 is to convert deteriorating
visibility in Georgia into inproved visibility in 1990 (14.3 mles vs 13.0
mles). By 2000, visibility under scenario 5 has fallen back to its 1980
level of 13.7 mles, but it is still better than it would have been in the
absence of the policy--13.0 niles. The policy gains in Georgia are 1.3 mles
during the 1980's and 0.7 mles in the 1990's. In Chio, visibility would
have inproved even in the absence of a visibility policy--from8.7 mles in
1980 to 9.3 mles in 1990 and 2000. But the policy effect is to produce an
even greater inprovement--to 12.4 mles in 1990 and 11.8 mles in 2000. The

policy gains in Chio are 3.1 mles in the 1980's and 2.4 mles in the 1990 s.

4.3.1.4 Forecast WIlingness to Pay for Visibility Inprovements from Scenario 5

in Georgia and Chio (Step E)

Monetary values of visibility inprovenents for each state are derived by
substituting appropriate values for each variable into the visibility value
function. The result is an estimte of the state popul ation's maximum willingness
to pay for inproved visibility in a given year. For exanple, from Ta.2-20, Section
2.4.5, the contribution of changes in visual range to the estimate of Chio's
willingness to pay for the policy inprovenent is equal to 155.844 tines (5.14
mnus 4.57)(tines 1.229)--the paraneter estimate of VI SENDONtimes Chio's 1990
visibility index change under scenario 5 times 8. The sumof sinilar calculations
over all the function variables in eq. (2-43), Section 2.4.4 equals Chio's

policy benefit.
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Total benefits are estimated to be about $1.5 billion in Chio and
$350 millionin Georgiain 1990 under scenario 5. On a per-househol d basis,
Ohi o benefits are about $360 and Georgi a benefits about $170. These val ues
correspondtoa 3.1 nilevisibility-policy inprovement in Chioand a l.3 nile
visibility-policyinprovenent i n Georgia.

Ohi o derives larger policy benefits than Georgia for a variety of reasons.
First, Chio' s populationis larger. Wile household benefits in Chio are
about 1.5 times greater thanin Georgia, aggregate Chio benefits are over
four tinmes greater than aggregate CGeorgi a benefits. Second, the policy effect
is almst two miles greater in Ghio than in Georgia, |argely because of the
much greater em ssions reduction required by Chio. By dividing the percentage
change in visibility by the percentage change in eni ssions, we obtain a nunber
t hat measures the rel ati onshi p between | ocal benefit and | ocal clean-up effort.
This may be done using numbers in Ta.4-3 for each state in 1990 and 2000.
The result is that the ratio is one fourth to one half as large in Chio as in
Georgia. One of the main reasons for this result is that |ocal visual range
is affected by distant sources of pollution as well as | ocal sources. Hence
under scenario 5, Chio derives visibility benefits fromout-of-state eni ssions
reductions to a greater extent than Georgi a.

The third reason is that Chio citizens derive greater benefits fromvisi-
bility inmprovenents in other states than do people living in Georgia. This is
because Chio is nore centrally | ocated than Georgia with respect to regi onal
visibility inprovements. Accordingtothe visibility value function, visibility
i mprovenents in other eastern states are worth nore to the citizens of GChio

than they are to the citizens of Ceorgia.
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4.3.2 Aggregation of Physical Effects inthe Eastern United States (Step O

Ta. 4-2 summari zed the results of each of the alternative policies in
mles of local visibility by state. Conparison of scenarios 3, 4, and 5w th
t he base case denonstrates the rather conpl ex geographic distribution of |oca
visibility inprovements that results fromalternative policy standards.

Effects of policy on local visibility, as recorded in Ta. 4-2, do not
however describe the entire policy effect of relevance to the | ocal area.
As explained in Part 2, distant visibility conditions are part of |ocal endow
ment. In other words, the entire colum of inprovenents associated with each
regul atory strategy is relevant to the neasurenent of benefits in each state,
because they are all part of each state's visibility endownent.

Ta. 4-4 gives nmeasures of visibility sources for each state. The
measure of visibility services is a weighted contribution of visibility in
all states to the state in question, as obtained from eq.2-43 in Section 2.4.
Ta. 4-4 was derived by using projected policy inprovenents for all states to
calculate visibility services for each state. Ta.4-5 gives an idea of the
rel ati onshi p between the visibility services measure and local visibilityin
mles for each state. States are ordered fromhighest to | owest on the endow
ment index for 1980. The corresponding visibility in mles in each state does
not follow the same order. Florida, for exanple, has relatively highloca
visibility, yet ranks last on the index scal e because of its geographic renote-
ness fromthe rest of the coutry. Visibility in other areas contributes rela-
tively little to Florida's endowrent. Fig.4-1 illustrates the visibility
endowrent index for 1980.

4.3.3 Agaregati on of Scenario Benefits in the Eastern United States, 1990--
Prelinm nary Estimates Subject to Revision

Ta. 4-6 presents 1990 policy benefits for the three inprovenent scenari os.

Total programbenefits for the threeillustrative scenarios in the year 1990
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TABLE 4-4

Measure of Visibility Services (VS)

Policy Scenarios, 1990

Base Case

STATE

1990

1980

Sout h Carolina
Tennessee

Ver nmont

North Carolina
Virginia

Chio

West Virginia
W sconsin

Pennsyl vani a
Rhode I sl and

New Jer sey

Connecti cut
D.C

Del awar e

Fl orida
CGeorgi a
[1linois

| ndi ana

Kent ucky

Mai ne
Mar yl and
Massachusetts
M chi gan

M ssi ssi ppi
New Harnpshire
New Yor k

Al abama

Expl ained in text.

Sour ce:
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TABLE 4-5

Ranki ng of States by 1980 Visibility Endownent

State Visibility Visibility
Endowrent | ndex inMles
W sconsin 5.58 14.9
[11inois 5.52 13.0
| ndi ana 5.12 9.9
Tennessee 5.11 11.8
New Hansphi re 5.02 11.8
Kent ucky 5.01 10. 6
M ssi ssi ppi 4.94 15.5
M chi gan 4.94 13.0
Mai ne 4. 93 13.7
Ver nont 4.90 11.8
Virginia 4.87 10.6
Mar yl and 4.71 10. 6
West Virgina 4.69 9.9
District of Col unbi a 4. 66 10.6
Al abama 4.59 14. 3
Sout h Carol i na 4.54 13.7
North Carolina 4,53 13.0
Chio 4,51 8.7
Pennsyl vani a 4.51 8.7
New Yor k 4, 36 10. 6
Ceorgi a 4. 34 13.7
Massachusetts 4. 20 10. 6
New Jer sey 3.91 10. 6
Del awar e 3.73 10. 6
Connecti cut 3.72 9.9
Rhode | sl and 3.70 10.6
Fl ori da 3.51 14.9
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New Yor k
Pennsyl vani a
Chio
Virginia

New Jer sey
Mar yl and
Nort h Carol i na
| ndi ana
[11inois

W sconsi n

M chi gan
Massachusetts
West Virginia
Kent ucky
Sout h Carol i na
Connecti cut
Tennessee
CGeorgi a

D.C

Fl ori da

Al abanma

Del awar e

New Harpshire
M ssi ssi ppi
Rhode | sl and
Ver nmont

Mai ne

TOTAL

Annual
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TABLE 4-6

Househol d Benefits and Total State Benefits

Rel ative to Base Case, 1990

Benefits

Househol d

Scenari o 3
State
Benefits per
($ mllions)
($)
397 58
315 71
224 53
163 77
152 52
150 84
111 49
107 51
93 21
89 48
78 21
48 21
39 59
30 22
30 26
28 22
24 14
22 10
20 70
20 4
11 8
11 44
8 21
6 6
6 14
5 23
4 10
2,193

Scenario 4

State
Benefits
($mllions)

1111
820
773
418
430
388
244
359
634
174
421
282
109
211
126
211
244
230

56
214
110

30

72

57

33

31

49

7,766

Benefits
per
Househol d

(9)

162
184
184
197
146
216
107
171
145

93
116
124
163
157
110
157
142
109
192

48

79
123
197

66

87
153
113

Scenario 5

State
Benefits
($ mllions)

2394
1725
1516
785
862
756
492
714
1029
368
904
588
219
380
217
380
427
355
107
342
176
61
114
88
72
59
73

15,134

Benefits
per
Househol d

(9)

350
386
360
370
292
421
216
339
236
198
249
260
328
282
190
282
249
168
371

77
126
248
311
102
187
289
167
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range fromabout two billion dollars (scenario 3) to about fifteen billion
dollars (scenario 5).

New Yor k, Pennsylvania, Chio, Illinois, Mchigan, and New Jersey are
the six |leading beneficiaries of scenarios 4 and 5 in 1990. New York
Pennsyl vania and Chio lead in scenario 3 as well. These six states account
for between 50 and 60 percent of eastern benefits under all three scenari os.
New Yor k, Pennsyl vani a and Chi o recei ve between 35 and 45 percent of eastern
benefits under all three scenarios. The pattern of benefitsis alittle
different on a per household basis. Still, it is the highly-popul ated and
industrialized Northern states that place the highest val ue on i nproved
visibility. Wile individual state rankings are somewhat sensitive to the
specification of the endowrent index and the aggregation pattern based upon
conti ngent val uation, neverthel ess the basic patternis rather striking.
Figure 4-2 illustrates the geographic distribution of benefits derived from

scenario 3 relative to the base case.
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4.4 SUMVARY OF PRQJECT APPROACH TO VI SIBI LITY POLI CY ANALYSI S

The nonetary val ues of visibility policy benefits obtainedinthis
chapter for alternative hypothetical policy scenarios illustrate the accom
pli shment of the major project objective, which was to devel op a net hod of
converting the physical effects on visual range of any proposed policy into
val ues of benefits indicated by people's willingness to pay in the eastern
United States. In this chapter we have described how policy scenarios that
af f ect SO2 em ssions in the entire region can be translated into sets of
effects on visual range in each eastern state. This phase of the work was
conmpl eted by Argonne researchers, who sinulated the visibility effects of
several regional policy scenarios which control 802 em ssions. The present
chapter al so describes howthe resulting geographical changes in visual
range are val ued by the peopl e of each state. This is acconplished by the
visibility value function, which is the npbst inprotant output of this study
and i s the expression that converts visibility changes into dollar val ues,
based upon the personal characteristics of the resident population, and the
goegraphi c distribution and size of changes in visual range. Further work
coul d include a nore refined i nvestigation of the effect of distance on
val uationof visibilityinmprovement. Additional econonmetric work coul d
investigate estimations in viewof truncation of the dependent vari abl e.
This work woul d extend the work reported on in Section 2.3. Theinportance
of unique eastern views to willingness to pay for eastern visibility inprove-
ments coul d be studied in further contingent valuation survey work. These
CVresults woul d extend the anal ysis of the six-city survey inthis report,
whi ch di d not focus on existence of particular unique or spectacul ar scenic

eastern views. The secondary-data anal ysis of section 3 coul d be refined and
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addi tional work on attaching monetary val ues perforned. The further uni que-
vi ew and secondary-data anal ysis coul d nake possi bl e a corroberation and
refinement of the six-city survey results that woul d be nore extensive than
t he one presently reported in Section 3.6 of this report. Further work al ong
the lines discussed in this paragraph is being undertaken in a follow up study
now under way.

Inclosing, it should be enphasized that estimates of the visibility
val uation function are the best we have at this time, but are subject to
consi der abl e refinenent and i nvestigationof reliability. The aggregate
benefits estimtes have been presented only for purposes of illustrating
aggregati on nethodol ogy. Care shoul d be exercised that the results not be
used out of context. The policy scenarios are for various kinds of utility
controls and are not to be taken as indicating that these policies are actually
bei ng contenpl at ed or shoul d be enacted. A najor point inillustrating the
aggregation method is to enphasi ze there i s no one uni que val ue of increased
visibility, but rather the benefits of a programaffecting visibility depends
on how much visibility is inproved in different places, and on the nunbers and
characteristics of peopleinthe places affected. It would defeat a major
pur pose of this study if the nunmbers in this chapter were applied out of context
to other prograns. The use of the results of this study should be to estinate
differential inmprovements in visibility that would be brought about by a program
and then to use the visibility function to obtain benefits in different areas
whi ch woul d then be summed.  The purpose of this study has been to devel op
operational tools. The tools can be applied for actual policy purposes, but

t hey have not been so applied in this study.
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EXECUTI VE SUMVARY

Visibility is a pervasive and i nescapabl e phenonenon, subject to both
general and periodic deterioration, which affects extrenely | arge nunbers
of people. The relative neglect of visibility as a subject of investigation
appears to be due not to its |ack of inportance, but rather to the fact that
it ismredifficult to value than many ot her environmental attributes.

Previous work on visibility has concentrated on sparsely popul at ed
areas of the West. The present research, concerned with visibility inthe
eastern United States, deals with | arger nunbers of people under a wi der
variety of circunstances. People in urban and rural areas are affected in
the course of daily living, and a variety of special activities centering
onrecreation and rel ated activities are sensitive tovisibility conditions.

Four maj or objectives have been acconplished by the research. The
first objective was to use the contingent valuation (CV) approach to obtain
i nformation on values attached to visibility in the eastern United States.

A mgj or conceptual effort to extend and refine the CV techni que preceeded
data gathering. Several different CV formats were pre-tested in Chicago,
foll owed by a six-city eastern survey.

The second objective was to define and estinmate a visibility val ue
function. The benefits of a visibility policy depend upon the extent of
visibility inprovenent, oninitial visibility conditions and their geographic
di stribution, and upon social and econom c characteristics of people in various
regions. Benefits arerelated to these variables in the visibility val ue
function.

The third nejor objective was to identify particular activities |ikely
to be influenced by visibility and to measure the effects of visibility on

these activities using secondary data. Activities investigated were sw nm ng.



tel evision view ng, baseball attendance, Hancock Tower visitation, fata
and non-fatal traffic accidents, and air traffic counts. An inportant
result of these studies is to corroborate findings fromthe aggregate func-
tion based on the contingent value (CV) approach.

The fourth major objective of project research was to establish a
rigorous and operational nmethod of aggregating visibility policy benefits

over the entire eastern U S

OBJECTIVE ONE:  CONTI NGENT VALUATI ON SURVEY

The theory of househol d production was used in the devel opnent and use

of a contingent valuation (CV) survey questionnaire. There are seven basic

nodul es to the CV instrunent.

Mdule 1: Area Context Mdule

The area over which visibility inprovements were offered had to be
clearly conprehended by each individual. For the research to provide results
on regional differences in air quality inprovement, it was inportant to collect
wi |l lingness-to-pay (WP) data for inprovements in visibility (i) in the indi-
vidual's home sub-region, and (ii) in the whole study region. A nap card and
a portfolio of photographs were used to convey the size and diversity of the

regi on over which visiblity is val ued.

Mdule 2: Visibility Mdule

The nature of alternative levels of visibility was comunicated via
col or photographs. This required a set of scenes representative of the area
over which visibility changes were to be valued. For each level of visibility
a set of the sane scenes, with only the visibility different, was used. Sone

factual verbal material was used to quantify the visual range represented in



each photo set. Separate photo sets were used to represent the sub-region

the entire East, and the West.

Modul e 3:  Activity Mdul e

To enpl oy the househol d production nodel, it was necessary to know
the fol | ow ng:
- the activities produced in the househol d,
+ the inputs, other than visibility, usedinactivity production

the activity production technol ogy used, and

* whether visual air quality is the only air quality input used
and, if not, whether visual air quality is used by the subject
as an indicator of other aspects of air quality. For exanple,
the individual may avoi d strenuous out door sports on days of
poor visibility, not because visibility per se is an inportant
i nput, but because he treats poor visual air-quality as an
i ndi cator of high pollutant concentrations which threaten
respiratory stress.

The nodul e served to sensitize the individual to the variety of activities

in which he mght value visibility.

Modul e 4:  The Market Mdul e

Contingent val uati on established a hypothetical nmarket and encouraged
i ndividuals to reveal their WP by using that market. Mjor elements of this
modul e descri bed what was bei ng purchased t hrough the bid and the market rul es
regul ating payment for and recei pt of the good in question. To describe the
good avail able for purchase, the general l|evel of visibility as well as possible
increments and decrenents in visibility were portrayed i n both phot ographs
and narratives. Market rules provided assurance that the increment in visi-

bility would be delivered if and only if the respondent was willing to pay.

Modul e 5:  The WIP Data Col | ecti on Modul e
Thi s modul e presented t he fundanental WP questions. Respondents bid
first on local inprovement, and then were asked how nuch they woul d add to

their local bidto extend the inprovenment to the East and then to the entire U S.



Mbdule 6: Post-Bid Probing

Wth certain market rules and WIP formats, sone individuals recorded
a zero WIP which, in further questioning, turned out to be a protest against
sone aspect of the format rather than an accurate reflection of the value
of the good offered. Probing of zero WIP's was an inportant elenent of the

dat a-col | ecti on schedul e.

Mbdul e 7:  Soci o- Demographic Data
This module collected an array of socio-denographic data, including
full incone concepts relevant to the processes through which individuals

demand and hence value, visibility.

OBJECTIVE TWO:  VISIBILITY VALUE FUNCTION

The objective of the contingent valuation research was to define and
estimate a visibility value function. The theory of household production,
fundamental to the devel opnment of the CV questionnaire, was equally inpor-
tant to the devel opment of the visibility value function. The inportance
of regional or spatial econonmics was recognized and receives its nmobst com
plete formulation in the visibility value function.

Central to the developnent of the visibility value function is the
concept of visibility services. Visibility services are aggregates
of visibility in different places, weighting each place's
contribution by its distance, scenary, and quality. Accordingly, there is
a production function relating visual services to these variables. Speci-

fically the production function for visual services (VS) is
(1) vs, = gvRYleM%2pl3 g
] i1 i ij i

wher e VSj is household j's consunption of VS, V@ is visual range in

state i , SN& is the area of state i in square mles, qj is the distance



bet ween househol d | and the center of state i , and SCI iS a neasure
of scenery in state i
It was reasoned that the narginal benefit curve, or bid curve for a

change in visibility services, should have the foll owi ng properties:

Property 1: BID(D) =0

Property 2:- BID'(AVS) > O

Property 3: BID"(AVS) <O

Property 4: Limit BID'(AVS) = 0 as AVS » =

A functional formwas required that woul d be consistent with Properties 1 - 4
and capabl e of handling both continuous and di screte expl anatory vari abl es.
Furthernore a functional formwas needed which allows the bid curve to

pi vot around the origin with changes in the vector of explanatory vari abl es
whi |l e preserving these properties. The follow ng negative exponential func-

tionwas found to fulfill their requirenents:

(2) BID = [1 - exp(-YAVS)) .

whi ch i s nonotonic increasing, passes through the origin, and has an upper
limt of +1 for all positive values of y . This gives the prototype
bid function. A rotational vector of household characteristics H, is

i ncl uded:
(3) Ho=(a+ 28,2, +up) ,

so that His a linear conbination of household characteristics Z, and
there i s an unobserved househol d-specific rotational paraneter u .

The enpirical bid curve is given by the product of (2) and (3) or

(4) BIDj = [1 - exp(—y&VSj)][a + zsizij + uj)] ,
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where VS is given by (5), bel ow, BID] is the willingness-to-pay
of household j , 4vSis given by changes in equation (1) due to the
program a is a common intercept term(of rotation, not |evel of bid);
Z is the vector of household characteristics with parameters 8 ; and u.

i s the househol d-specific rotation of the bid curve.

The fornula used to calculate VS for the enpirical analysis is

Lo, -Ls
(5) Sy = VR, *SM, *D

where the exponent on the distance variable was estimated by a maxi num
l'i kel i hood nethod jointly with the vector of household characteristics and
the paraneter v .

The estimation results for the visibility function are shown in Table 1
Overal |, between one-half and two-thirds of the variation of BIDis accounted
for by the explanatory variables. The positive effect of a change in visibility
on BIDis reflected in coefficient of 0.700 for GAMMA. The common constant term
ALPHA added to the individual estimated effects of household characteristics
in determning rotation of the bid curve, is negative.

The first variable in H, rotating the bid curve is VI SENDON the
initial level of VS as calculated in (5) above. This variables has a posi-
tive effect and captures the net result of a pure endownent effect from
dimnishing marginal utility, a sorting effect and a substitution effect.

A point estimate of the income elasticity of rotationis 0.539 is
conput ed, hol ding all non-incone variabl es at their neans. The first-order
effect of income (INCOVE) on BIDis positive, and the second-order effect

(I NCOVE SQUARED) and the incone-age interaction effect (I NCAGE) are negative.



vii

TABLE 1

Non-Li near Least Squares Summary Statistics
Dependent Variable Bid

SOURCE DF SUM OF SQUARES MEAN SQUARE
REGRESSI ON 22 130303017. 02030957 5922864. 41001407
RESI DUAL 3122 140479409. 60049038 44996. 60781566

UNCORRECTED TOTAL 3144 270782426. 62079995

( CORRECTED TOTAL) 3143 233630610. 10008546

PARAMETER ESTI MATE
(VAR ABLE)

GAMVA 0. 700
ALPHA -472. 606
VI SENDOW 155. 757
| NCOVE 14,797
| NCOVE2 -0.029
| NCAGE -0.172
HSLDSI Z 5. 327
HOHED -2.011
HOHAGE 1.586
EQUI P 4,417
EXVI EW -67.139
BADEYES 12. 065
ACT 5,175
PROP 97.183
FEMHCH 50. 684
OMN -138. 736
RURAL -41. 049
NONWHI TE -78. 691
A 139. 928
C -187. 137
M 112. 550
W -17.078
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The negative interaction termconfirms the hypothesis that the margina
propensity to consune visibility decreases wth age.

Turning to the human capital variables, the estimte of the education
paraneter (HOHED) is negative, SOthat nore educated persons tend to bid
| ess, holding the other variables constant.

The age variabl e HOHAGE nust be considered jointly with the variable
IINCAGE.  For very lowincone households, age actually increases WP for VS,
but at an incone of about $9,000 per year the net effect becomes negative.
Nonwhites (NONWHI TE) bid significantly | ess than whites, while fenales
(FEMHOH) bid nmore than nal es.

Poor eyesi ght (BADEYES) and ownership of specialized capital equipnent
(EQUIP) did not have a clear effect. As expected, participationin activities
(ACT) has a positive influence on bids,. reflecting the non-rival ness of visi-
bility within the household. There is a negative influence of view quality
(EXVIEW on bhids, which could be the result of dininishing marginal utility
conbined with a fixed factor (view).

Wth regard to the property ownership variabl es, homre ownership (OMN)
had a negative inpact and the ownership of other residential property (PROP)
had a positive effect.

In addition to the urban/rural dummy variable a set of four city-specific
dummy vari abl es were used to hel p account for unexplained differences between
cities. Only four were used since one of the six city degrees of freedom
has al ready been used up by the variable VISENDONand the intercept terms uses
another. The four cities with dunmies are Atlanta, Cncinnati, Mam, and
Washi ngton, with variables names A, C, M and Wrespectively. Boston and

Mobil e remai n as the base.



OBJECTI VE THREE:  EFFECTS OF VI SI BI LI TY ON BEHAVI OR

To conpl ement the contingent valuation work and the visibility val ue
function based on it, a series of studies of the effects of visibility on
particular activities was carriedout. FEyidence that the CV and behavi oral
results are consistent strengthens confidence inthe results as well as
t he net hods t hat have been devel oped to obtain them
Swi nmmi ng

The swi mmi ng nodel assunes a linear relationship of the form
= o+ 8,V BX
P=oatBiVhE, 5% ’

where P is daily pool attendance, Vis visibility, and Xi are ot her
factors which effect attendance. Visibility was found to have a significant
effect on attendance. The effect differs between years and ranges between
1.24 and 3.73 persons per tenth-of-a-mleincreaseinvisibility. A one

mleincrease invisibility increases attendance fromthree to five percent.

Tel evi si on and Basebal |

Simlar anal yses were performed on afternoon tel evision view ng and
on Chi cago Cubs basebal | attendance. The effect of a one mle increase in
visibility on afternoon viewing is that 0.134%of 3 mllion househol ds stop
wat ching T.V., or about 4000 househol ds. Weekend view ng is reduced by an
additional 400 households. Anincreaseinvisibility of one mle increases
Cubs gat e attendance by approxi nately 125 people. The change in consuner's
surplus associated with increase invisibility is at least 2.7 cents per
person in attendance, or approxi mately $30,000 for a typical season's attendance
The benefit of aone mle visibility i nprovenent represents sonewhat | ess than

one mllion dollars per year for baseball attendance in the entire U S.



Hancock Tower Recreation

The Chi cago Hancock Tower offered an opportunity to determnine the
effects of visibility on the demand for viewservices. Usingvisitation
data, it was possible to estimte the demand for Hancock Tower view
services as a function of admi ssion price, visibility, and a set of demand
shifters. A nean per person consuner surplus of $2.12 in 1981 prices was
comput ed fromt he demand estimate. Assuming that similar experiences are
obt ai nabl e i n other areas of the region, aggregate consumer surplus woul d
be $275 mIlion in 1981 prices.

Conti ngent val uati on responses were al so obtai ned at the Tower. The
results indicate no significant difference between demand- based esti mates and

contingent val uation bids.

Vi ew- Ori ent edResi dences

An anal ysis of vieworiented submarkets of the residential housing
mar ket was undertaken. The objectives were: (1) to nmeasure the val ues of
views and view characteristics including visibility using a survey instru-
nent whi ch establishes a contingent market for each; (2) to neasure the val ues
of views and vi ew characteristics using a hedoni c-denmand anal ysi s of housing
consunption for the sane group surveyed and (3) conpare the contingent val ues
fromthe survey and the inplicit values fromthe housing market for indivi-
dual s dwel l'ing in vieworiented residences.

The simlarity of the contingent and inplicit values for height (10 floors
up), the high response rate on the biddi ng experiment and the significant
coefficients inthe renters' housing hedoni c equation suggested that contin-

gent val ue and narket values are sim|lar

Air Traffic

To investigate the effects of visibility onair traffic, enpirical



Xi

estimates were made of visibility effects on take-offs and | andi ngs at
three Chicago-area airports. The effects of visibility onthe air traffic
counts were found to be positive and highly significant in all areas.

The elasticities of traffic counts with respect to miles of visibility
were 0.415, and 0.392 and 0.250 at Aurora, DuPage and Meigs Field airports
respectively. The other variables in the regressions, including rainfall
snow, fog, tenperature, w nd speed, wind direction, and day of the week
were in alnost all cases of expected sign and significant.

Auto Traffic

A nmodel of the relationship between travel cost, accident rates,
weat her conditions, inprovenent in visibility, vehicle speed, and traffic
congestion was devel oped. It was shown that the total effect of an inprove-
ment in visibility on accident rates depends crucially on the effect of
i mprovenents in visibility on vehicle speed.

The enpirical estimations of the relationship between inprovements in
visibility, weather variables and traffic casualties showthat visibility
i mprovenents |ead to significant reductions in non-fatal accidents in both
Cook and DuPage Counties, in the Chicago SMS5A. This result is consistent
with the partial effect of inprovements in visibility on highway casualities.
Wil e the occurrence of rain and/or snow |leads to an increase in the nunmber of
non-fatal accidents in Cook and DuPage Counties, the results also show that
an inmprovenment in visibility in the presence of snowleads to a decrease in
t he nunber of non-fatal accidents in both counties.

Results of linear probability nodels in analyzing traffic fatalities
show that an inprovement in visibility during the weekends |eads to an
increase in the probability of occurrence of fatal accidents in Cook and

DuPage Counties. Visibility inprovements in winter and spring, however,



Xi i

| ead to decreases in the probability of occurrence of fatal accidents in
both counties, although these coefficients are not very precisely estimates.
An inprovenent in visibility in Cook Counry by one nile | eads to an estinated

benefit of 9.45 nmllion dollars as a result of reductionin traffic casualties.

OBJECTI VE FOUR®  EVALUATI ON OF PQLI CY EFFECTS ON VI SUAL RANGE

Adetailedillustration of the application of the visibility val ue
function to anal ysis of policy benefits was devel oped. Forecasting visi-
bility policy effects requires conparing a without-policy or base-case
scenario wi th one or nore regul atory scenarios. Thevisibility
val ue function was applied to four hypothetical or illustrative policy
scenarios for electric utility pollution control relative to a base--case
scenario. Benefits connected with these purely illustrative scenarios were
estimated for the year 1990. Specifically, aggregate and per-househol d benefits

were estimated for each eastern state and the eastern United States.

A net hod was needed which rel ates reductions in pollution enm ssions
fromthe scenarios to visibility inprovenents. The rel ation between em ssions
and visibility was provided by results fromresearch at Argonne Nati onal

Laboratory.

Illustration of Method

Step Ainthe analysis of visibility regulation was to establish policy
alternatives. Alternative policies produce different patterns of visibility
i nprovenent whose effects need to be evaluated in order to nake a policy
choice. Three such policies were considered. Inadditionto the policy
scenari os a Wit hout-policy or base-case scenario was fornul ated. The base-

case scenario is a judgenent as to the nmost likely regulatory climate in the
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absence of avisibility policy. It provides the standard agai nst which
t he benefits of the policy scenarios are neasured.

Step B was to forecast enissions under the base-case and policy
scenarios by type of emttor, season and anount of pollution. These
forecasts depended in part on the technical requirenents of pollution
abatenent. To an even greater extent the enissions forecasts depended
upon forecasts of future |l evel s of econonic activity.

Step Cwas to forecast the spatial distribution of anbient air quality.
The rel ationshi p between em ssions and anbient air quality depends upon
the way enissions are dispersed geographically and the chenical transformations
that occur during dispersion. This step was performed for each of the
scenari os by neans of the Argonne | ong range transport nodel. [ Rot e, 1982a]

Step Dwas to nmeasure the effects on visibility of anbient air quality
resulting fromeach scenario. The solutionto this problem also supplied
by Argonne [Rote, 1982b] provided a set of predictions as to the course
of visual air quality on a state by state basis in the future.

Step Ewas to use the visibility value function to establish val ues
associatedwith alternative pollutioncontrol strategies. Eachscenario
produced a set of inprovenents in visual range for each state in future years.
The function estimted the val ue of these inprovenents to a state as the
sumof the value of the | ocal conponent and val ue of inprovenents in other
parts of the region due to existence and option values. Non-Iocal i nprovenents
are | ess valuabl e to the state dependi ng upon their distance fromthe state.
The value of visibility inmprovements is the sumof all |ocal and non-1ocal
i nprovenents for all states in a given year. Thevisibility value function
eval uated i nprovenents for each state in all years for each of the four

policy scenari os.



Xi v

Aggregation of Illustrative Scenario Benefits in the Eastern United States, 1990

Table 2 presents 1990 policy benefits for the three illustrative
i nprovenent scenarios. Total program benefits for the three illustrative
scenarios in the year 1990 range from about two billion dollars (scenario 3)
to about fifteen billion dollars (scenario 5).

New York, Pennsylvania, Chio, Illinois, Mchigan, and New Jersey are the
six leading beneficiaries of scenarios 4 and 5 in 1990. New York, Pennsylvania
and Ohio lead in scenario 3 as well. These six states account for between 50
and 60 percent of eastern benefits under all three scenarios. New York.,
Pennsylvania and Chio receive between 35 and 45 percent of eastern benefits
under all three scenarios. The pattern of benefits is a little different on
a per-household basis. Still, it is the highly populated and industrialized
Northern states where the highest values of inproved visibility occur. Wile
individual state rankings are somewhat sensitive to the specification of the
endowrent index and the aggregation pattern based upon contingent valuation

neverthel ess the basic pattern is rather striking.

Estimates of the visibility valuation function are the best we have
at this tine, but are subject to considerable refinement and investigation
of reliability. The aggregate benefits estimates have been presented only for
purposes of illustrating aggregation methodology. Care should be exercised that
the results not be used out of context. The policy scenarios are for various
kinds of utility controls and are not to be taken as indicating that these
policies are actually being contenplated or should be enacted. A major point

in illustrating the aggregation nethod is to enphasize that there is no one
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TABLE 2

Househol d Benefits and Total

State Benefits

Rel ative to Base Case, 1990

Scenario 3 Scenario 4 Scenario 5
Benefits Benefits Benefits

State per State per State per

Benefits Househol d Benefits Househol d Benefits Househol d
State | ($ mllions) (%) ($ mllions) ($) ($ mllions) ($)
NY 397 58 1111 162 2394 350
PA 315 71 820 184 1725 386
OH 224 53 773 184 1516 360
VA 163 77 418 197 785 370
NJ 152 52 430 146 862 292
MD 150 84 388 216 756 421
NC 111 49 244 107 492 216
[N 107 51 359 171 714 339
W 89 48 174 93 368 198
M 78 21 421 116 904 249
MA 48 21 282 124 588 260
W/ 39 59 109 163 219 328
KY 30 22 211 157 380 282
SC 30 26 126 110 217 190
CT 28 22 137 109 308 244
N 24 14 244 142 427 249
A 22 10 230 109 355 168
DC 20 70 56 192 107 371
FL 20 4 214 48 342 77
AL 11 8 110 79 176 126
DE 11 44 30 123 61 248
NH 8 21 72 197 114 311
VS 6 6 57 66 88 102
Rl 6 14 33 87 72 187
VT 5 23 31 153 59 289
VE 4 10 49 113 73 167
Tot al 2,193 7,766 15, 134
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uni que val ue of increased visibility, but rather the benefits of a program
affecting visibility depend on hownuch visibility is inproved in different
places, and on the nunbers and characteristics of people in the places
affected. It would defeat a major purpose of this study if the nunbers in
this study were applied out of context to other prograns. The use of the
results of this study should be to estinate differential inprovenents in
visibility that woul d be brought about by a programand then to use the
visibility function to obtain benefits in different states which would then
be summed. The purpose of this study has been to devel op operational tools.
The tools can be applied for actual policy purposes, but they have not been
so applied in this study. Further work i s being undertaken to extend and

refine the results of this report.



APPENDI X A:  SURVEY | NSTRUVENT

Thi s Appendi x contains the Contingent Valuation instrunent used in
the Eastern survey. It contains the nodul es discussed in detail in the
main report. The sane survey was used in all six cities, within some city-

specific nodifications, as on page 3.



Form#__ A- I?’lf

City ATLANTA
IntP"*'; -~
Center City
[ Check One]--| Suburban
Rur al
\.K“\,
, Q/ N EASTERN U.S. RESI DENTS
*
v N
- O the University of Chicago. W are
1 }\ ~as part of a research study about
€ J e are talking with a scientifically
(3 dent s,
h

the viewpoint of your house-

la. Are you the male/female head of househol d?

YES (Go to statenment at bottom of page)
NO (Ask Ib.)
Ib. Is the male or female head of household at hone?
YES (Ask to speak with head of household. Start Over.)
NO, (Thank respondent and termnate.)
Fi ne. | have a few questions that | would like to ask you.
It wll take about 20 minutes, and your answers will
confidential.

kept



FORM NUMBER A-174

ACTIVITY SHEET

GROP 1 GROP 5

Wlk to Wrk | ndoor Tenni s/ Racket bal | /
Basket bal | / Vol | eybal |
Drive to Wrk
Wrk Qut at the Gym
Eat Lunch CQutdoors

Bow i ng
Leave Place of Wrk
for Lunch QG her Stenuous Indoor Activities
Take a Vacation Day GROUP_ 6
Qutdoor Work Around House Go to Shopping Mall
Enpl oyed in Qutdoor Job CGCo to Miseum
GRoUP_ 2 Go to Movies
Joggi ng/ Runni ng/ Bi cycl i ng QG her Indoor Activities

Away From Hone
Swi mm ng/ Sai l i ng

Goup 7
Tenni s(out door) / Gol f
Stay at Hone

Qutdoor Team Sports

GROUP_8
GROUP_3
Nature Study/Bird Watching
Si ghtseeing(Rural or U ban)
Fi shi ng/ Hunti ng
Phot ography (Qutdoor)
H ki ng/ Trai l Ri di ng
Drive in the Country
Canpi ng/ Backpacki ng
Flying/ diding/Hang @i ding

Attend College or Pro Ballgane
GROUP_4
Sightseeing Qutside Local Area
Stroll in the Park

Visit Friends in East US.
VWl k the Dog

Visit Friends in Wst US.
Sunbat he

Visit State/National Par k
GCo to CQutdoor Fair/Concert
CGher Activities Awnay

Play Catch/Frisbee From Local Area



SKETCH OF
PHOTOGRAPH DI SPLAY BOARD FOR
LOCAL VI SIBILITY I N THE EAST

Apartnents
and
Skyl i ne

Poor Visibility
L-1-1

Quter Drive
Poor Visibility

L-1I1-1

Ur ban Shoreline
fromHi gh Fl oor

Poor Visibility

L-11r -1

Apartnents
and
Skyli ne

Medi umVisibility
L-1-2

Apartnents
and
Skyl i ne

Excellent Visibility
L-1-3

Quter Drive
Medium Visibility

L-11-2

Quter Drive

Excellent Visibility

Ur ban Shoreline
fromH gh Fl oor

Medium Visibility

L-111-1

Ur ban Shor el i ne
fromHi gh Fl oor

Excellent Visibility

L-111-3




SKETCH OF
PHOTOGRAPH DI SPLAY BOARD FOR
VISIBILITY I N THE EASTERN REG ON AS A WHOLE

G eat Snpki es
Poor Visibility

E-1

G eat Snoki es
MediumVisibility
E- 2

G eat Snoki es
Excellent Visibility

E- 3




SKETCH OF
PHOTOGRAPH DI SPLAY BOARD FOR
VI SIBILITY I N THE WEST

Grand Canyon
Poor Visibility

W- 1

Grand Canyon

Medium Visibility

W- 2

Grand Canyon
Excellent Visibility

W- 3
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